■wmVQ iN'iia-LBCTUAt PROPERTY ORGANSZATSON 
te«:rr.s*:csaa* Oaressu 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (f*CT) 









WO j> 7/49679 


1 Amn 4$m, mm 3i/m 4®m* cwa 

\ ZiM4, CUS 5/10, 15/12, 


.41 
.L. — .... 




ate; 6 November S $91 CO*. 1 i 37) 



1 



08/785.66! 



$7 (t7;Oi,97> OS 

29. April 599? OS 



(71) AppJkant: LMAP'X' PHARMACEUTICAL CORP; iWUSj; 
i 635 fsm 5 &ts Siwcs, Tocssn. AZ $5?4$ (0§>. 

(72} lavsasyr; ONCER, Evaa. C; Essst Q»mim La ©efcatfRia, 
Tucson-, XX $5749 (US). 

f?4) A»e»fc FILLER. SuWiSe, H.; Wmte&k Wgsafe festr 
Mackkswto 48: Norris, 46* floor, &»e Liberty ?!«:«. 
PhiJaMpI}^ PA mm (US), 



(&t) JJessgxsste<3 Sissies: AO.. BR, CA,>CN> HO, IP., KR, MX. NO. i 
Eat^w pstem (AT, BE OS. DE, DK. ES, R. PR. <5B, j 
'GR» IE, ST. LU. MC, nu PT. SB). j 



jf««) Use: METHODS FOR DELIVERING COMPOUNDS INTO A CELL ~ ~ j 

(57} Abstract |. 

"Hie preset invention is dfosctesi; imr t»-a ttssshcsd f»r deHw.riag a competing Imo a c o:t ; • ?r» i; • * administering k* a* {Sell j! 
•}» f.«saix»iiasi t& be 'tfcftVeasi, an orgsaic mlkte, mxVm icimm. viimmssd. w.sv afso be applied, if <k$iwd'< {• 




FOff THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front page, of pamphlets publishing imemational applications under the PCX. 



Air 


Albania 


ES 


AiVS 


Armenia 


a 


AT 


Austria 


FR 


All 


Australia 


GA 


AX 


Azerbaijan 


GB 


BA 


Bosnia and Herzegovina 


GE 


BB 


Barbados 


GH 


BE 


Belgium 


GN 


BF 


Burkina Faso 


GK 


SG 


Bulgaria 


HU 


Bj 


Benin 


IE 


88R 


Brazil 


IL 


BY 


Belarus 


IS 


CA 


Canada 


IT 


CF 


Central African Republic 


JP 


CG 


Congo 


Kg 


ce 


Switzerland 


KG 


C3 


COte d'lvoire 


SO 8 


CM 


Cameroon 




CN 


China 


KR 


cu 


Cuba 


KZ 


cz 


Czech Republic 


LC 


DE 


Germany 


Li 


US 


Denmark 


LK 


EE 


Estonia 


LR 



Spain 
Finland 
France 
Gabon 

United Kingdom 

Georgia 

Ghana 

Guinea 

Greece 

Hungary 

Ireland 

Israel 

Iceland 

Italy 

Japan 

Kenya 

Kyrgyzstan 

Democratic People's 

Republic of Korea 

Republic of Korea 



Saint Lucia 
Liechtenstein 
Sri 1-anka 
Liberia 



LS 

LT 

LU 

LV 

MC 

MD 

MC 

MK 

ML 

MN 

MR 

MW 

MX 

NE 

NL 

NO 

NZ 

PL 

FT 

RO 

RU 

SB 

SE 

SG 



Lesotho 

Lithuania 

Luxembourg 

Latvia 

Monaco 

Republic of Moldova 



The formei Yugoslav 
Republic of Macedonia 
Mali 

Mongolia 

Mauritania 

Malawi 

Mexico 

Niger 

Pietteriajids 



New Zealand 
Poland 
Portugal 
Romania 

Russian Federation 

Sudan 

Sweden 

Smgapore 



SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


SK 


Swaziland 


TO 


Chad 


TG 


Togo 


?S 


Tajikistan 


TM 


Tliritmerusiaii 


TR 


Turkey 


TT 


Trinidad and Tobago 


VA 


Ukraine 


DC 


Uganda 


US 


United Stales of America 


OZ 


Uzbekistan 


VN 


Viet Nam 


YU 


Yugoslavia 


z.w 


Zimbabwe 



Ilk 

METHODS FOR .DELIVERING COMPOUNDS INTO A CELL 

This apgdieaslon is a coatmaaiioivm-p'*rt of U S. application Serial No, 
& 08/785,661, filed Jtmy .17, 1997, which in turn is a -f^min«^^«^tpf'U.S ¥ 
application Serial No. 08/640,534, filed May L l$^:,,|^4 ; l^pNs: of each of which 
are hereby Incorporated herein by reference in their entireties, 

Field of the JWSK&MM. 



All cells contain cytoplasm snm>unded by a plasma, or celt membrane. Most 
s bacterial and plant cells are enclosed mm outer rigid or semi -rigid cell wall. The 
cells contain DMA which may he arranged' in 1> a nuclear membrane or 2) free in ceils 
lacking a nucleus. While the cell membrane is known to contain naturally oecnmng 
ion channels, compounds ; ^f : :^-- : ai«^e«toily- -advantageous to cells ase usually too 
large to pass through the naturally occurring Ion channels. Conventional interventional 
lit metluxls of delivery of compounds into cells have proved difficult in view of tine need 



This mvesnion relates to the field of intracellular delivery, in particular, 
to the use of organic halides and/or ultrasound to facilitate the delivery of a compound 



into a cell. 




Cells are the basic structural and functional units of all living organisms. 
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for the compounds to pass ,tto«#. tbe cell n^mimme, cell wall, ami nuclear 
membrane. 

Molecular biology Ms multesl m snapping the genomes of many plants 
aod -animals including the mapping of much of the human genome. 'The potential for 
5 advances in the understanding Of the genetic basis of diseases is great, as is the 
potential for the development of meraples to treat such diseases;. However, to fully 
rake advantage of these advancements and' treatment therapies, methods are needed 
which will allow for the delivery of desired compounds into the target ceils 
Accordingly, researchers have undertaken the development of a variety of intracellular 
10 delivery methods for inserting genes and other compounds into both plant and animal 
cells. 

For example, calcium phosphate DNA precipitation has been used, to 
deliver genetic material into cells in cell culture. However, one drawback of tills 
method is that the' resultant efficiency of transaction (delivery of the generic material 

IS into the ceils) and subsequent gene expression has been very low. 

improved transfec-tton has been attained using viral vectors, evg,< 
adenovirus and retrovirus, but again, difficulties with gene expression have persisted. 
In. addition, substantial concerns regarding antigenicity and the potential of mutant 
viruses and other possible deleterious effects exist. 

20 Liposomes, manufactured more easily than viral vectors, have shown 

promise as gene delivery agents. Liposomes have less biological concerns- (in that, for 
example, they are generally non- antigenic) bur the efficiency of transfeetion and gene 
expression using liposomes has typically been lower than with viruses. 

Gene guns, wherein genes are attached to heavy metal particles such as 

as gold, have been used to fire me particles at high speed into cells. However, while 
gene guns have resulted in gene expression in culture systems, they have not worked 
well in vivo. Furthermore, the blast of heavy metal particles may cause damage to the 
cells and may result in the hm-Qduetson of undesirable foreign materials, e.g. gold 
particle fragments, into the cells. 

30 Eleetroporariou is another method of delivering genes Into ceils. In this 

technique, pulses of electrical energy am applied to cells to create pores or openings, to 
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imtiims: passage of DMA into the, ceils, flowever, electrbpbmtiOu may damage cells, 
and furthermore has dht beers shown ro be highly elective i?t vim. 

Various publications disclose the use onittootfipsy shock waves for 
effecting intracellular gene transfer, as well as the delivery of other compounds, 
5 including, for example, Delius, M v > £tM,< ^Bmsmrpim&l Shock Waves for Gene 
Therapy," lancet May 27* 1$ 9$, £€S:1377; .Laner, U., et al s "Towards A New Gene 
Transfer System: Shock Wave-Me»d&&d' Transfer, " J Celt Biockem 1994, 
!6A;226;: Gambihler, S., eta/,, "I^mieabife^tkm of the Plasma ■ Membrane of L1210 
Mouse Leukemia Cells Using LkSisotripter Sfeoek Waves/ / Membr Bfat 1994, 

id M/;2b7-?S; and Mobley, TJL, etal.> "Low Energy Lithotripsy with the .Llihossar: 
Treatment Results with 19,962 Gem! and Oreteral Calculi./ i W 1993, MU419- 
24, Lithotripsy delivers energy in the range of bars, and a frequency of oXV 

i 20 MZy hut may be as high as 1200 id 1 300 bars. The energy and frequency ranges 
are typically painful to a patient and thus usually require patient sedation. lithotripsy 

IB machines are large and bulky and are typically cost prohibitive. Latter «r ni disclose 
the delivery of 250 shock waves at 25 fcV with a lithotripter -m deliver phssmsd DM A 
which expressed hepatitis B vims surface proteins in a HeLa celt suspension, 
feambihier et at, (cited above) teach the permeabiliMtiou 0f-«mim,^Us:- : ^ ■yjfrp'.tG? 
deliver dextrans. The lithotripter shock waves are delivered at 25 kV, at a discharge 

20 rate of bO/min, Mobley et at, (cited above) disclose the use of lithotripsy to treat renal 
and ureteral stones, The shock wave pressure was 200 to 380 bar and a generator 
range of 10 to 29 k% 

Zhang, L. : , et at , "Ultrasonic direct gene transfer The Establishment of 
High Efficiency Genetic Transforioatiou System for Tobacco," 5d' Agric, Sin. 19M, 

2 5 2^:83-89 disclose, increased gene expression by tobacco using continuous wave 

ultrasound at 0.5 W/cm 2 tor 30 minutes, Ehang et at, do not disclose the ultrasound 
frequency . The high energy level is in a range necessary for poratsoo to result in the 
cell wall, of tobacco plants, 

Rubin, ei at , 3 1st Annual Meeting of the American Society of Clinical 

3 o Oncology, May 20-23, 1993, disclose the inieetion of hepatic tumors with a 

plasmid/catiomc lipid cosnplex with ultrasound guidance. Ultrasound' is disclosed as a 
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V&ha! guide to monitor the injection of the iamprs, rate than m an aid to deliver the 

complex- to' the fiver Mmofs. 

The present itm&UM-pMMss new and/or hetter methods for delivering 
copspotiSds, mefudrng genetic material, into a cell. The methods of the present 
invention .may- provide a significant advantage over prior art ■methodology, in that 
enhanced levels- of intracellular delivery, and in the case of nucleotides , gem 
expression, may he achieved. In addition, the process of the present invention may he 
performed in ceil lines which rasy he otherwise resistant to intracellular delivery and' 
gene expression using other conventional means. These and/or -other aspects of the 
present invention- will become apparent from the further discussions herein. 

Summary «!' the Inve Mlpn 

The present invention is directed* infer «Jiij, to a method for delivering a 
compound into a cell comprising administering; to the cell a composition which 
comprises the compound to he delivered and an organic halide. 

in addition, the invention provides a method of treating a patient 
comprising administering to a patient a composition comprising a teapeotically 
effective amount of a compound and m orgahid halide. 

the subject Invention provides a method of effecting the expression of a, 
nucleotide sequence in a cell comprising administering to said ceil a composition which 
comprises a nucleoside sequence and an organic halide. 

If desired, the compositions .may farther comprise a carrier. In addition, 
the method of the invention may further comprise the application of ultrasound, as 
desired. 

The present invention is also directed to s method for delivering a 
compound into a cell comprising administering to the cell the compound to be 
delivered, or a composition comprising the compound to he delivered, and applying 
ultrasound. 

Further, the invention pertains to a method of treating a patient 
comprising administering to a patient a therapeutlcahv effective amount of a 
compound, or a composition comprising a ther^penticaily effective amount of a 
compound, and applying ultrasourfd. 



Moreover, stibject mention provides a dVethod of effecting the 
expression of a nucleotide sequence m a cell comprising administering to the eel! a 
nucleotide sequence, or a oo^osi^a comprises a nucleotide sequence, and 
applying ultrasound . 

If desired, the composition may further comprise carrier. 

Also Included in the present invention are. compositions and kits 
comprising, for example, a thera^euttcaliy effective or diagnos&catty effective amount 
of a compound to be delivered* an organic halide, and/or a carrier, and, in the ease of 
a kit, optionally otter conventional kit components. 

These, as well as other, aspects of the invention are set forth in greater 

detail below. 

Brief 'Descrip tion of the Figures 

FIGURE I depicts a test set-up for delivery of compounds to a cell 'in-, 
vim, 01 ex vivo. In Figure L A represents a standoff platform. 8 is; a six well piste, 
with individual wells B\ C represents an ultrasound get while 0 represents a 
therapeutic ultrasound transducer. In accordance with the inventions ceils f the 
compound to be delivered, an organic haiide (if desired), and optionally a carrier are 
placed in the wells, Using ultrasound transducer D, ultrasound is then applied to cell 
culture plate B such that the standoff platform (A) Is cut (G) under each well (B:'} for 
focusing ultrasound to the individual wells {8 s }. Ultrasound transducer D may also be 
employed for the in vivo delivery of compounds by applying transducer D, with 
ultrasound gel C, to a patient instead of to a cell culture plate. 

FIGURE % displays the relationship between energy deposition, 
ultrasound energy intensity, and ultrasound duty cycle (pulse duration). The effect of 
attenuation as a function of tissue depth is also portrayed as well as spatial peak 
temporal average power, 

FIGURE 3 Is a map of the pG AT* control vector (GenBank accession 
number X65321) tFfomep, Madison, WI) used in the preparation of sequences 
introduced into cells In Examples % and X 

FIGURE 4 is a cutaway from FIGURE I, depicting one of the six well* 
(B'l of" a six well plate II, In FIGURE 4, A is a portion of the standoff platform, B' i 
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one mil of six well plate B, C is the uitrasouBd get D is &e altrasousd teisdacer, E 
represents the cells, and F represents microsphere carriers for the compound to be 
delivered, 

FIGURE 5 is a prototype seoottd harmonic transducer that emits X.asd 
5 2X frequencies and superimposed two Seams sit one focal point for enhanced ultrasound 
effect. The transducer may be employed in conjunction with m vitro* ex vivo and in 
vim delivery of compounds and compositions in accordance with the invention, 

FIGURE € k a map of the pC&T basic vector (Promega, 
Montgomery vilie, PA) used in the preparation of .sequences, introduced into cells in 
1Q Example 10. 

FIGURE ? depicts the results, of the in viva transfeption studies m mice 
set forth in Example 23. 

P ffalted Description of the Ittve attlaa 

As employed above and th«mghcmt the disclosure, the following .terras, 
is unless otherwise indicated, shall he understood to- have the following rneamags. 

For purposes of tire present invention, an "organic fealide* (also 
sometimes referred to. as a halogenated organic compound) denotes a compound which 
Contains at least one carbon atom (or optioaaliy sulfur or selenium atom, such as in the 
case d&W* and SeF^} and at least one halogen atom selected from the group consisting 
20 of fluorine, chlorine, bromine, or iodine. Preferably the halogen is fluoride £i.e„ the 
compound is a flnorinated compound), 

Most preferably the organic halide is a nuarinated compound which is 
perfiuorinated (that is* fully flnorinated, e.g., a carbon compound wherein all hydrogen 
atoms directly attached to the carbon atoms have been replaced by fluorine atoms). 

2 5 The periinorinated organic halkie (perflaorhMted compound) is preferably a 

petfluorocarhon or a perfluordeU>e?: t The organic halide may be in the form of a gas, 
a liquid (including a gaseous precursor) or a solid, Preferably the organic haUde is a 
liquid, even more preferably a liquid Which is a. famous-precursor that converts' to a 
gas upon administration. Most preferably, the gaseous preearsor converts to a gas at 

3 0 the site of (in close or toncmng proximity to t the cell . 



"Gaseous .precursor* refers to a liquid or solid which is activated upon 
attaining a certain temperature or '^tmm^-;i»'^^M4- gas. A gaseous precursor 
which is capable of converting tp a gas at the site of the cell may increase the 
efficiency of cellular uptake of eonmoonds, and is therefore preferred. 

Ideally, the gaseoorprecursots am liquid (or solid} at ambient (room) 
temperature (e.g. , 25 U 'C} } hut will convert to a gas either at physiological temperature 
(e.g., 37 a C) such as upon administration to a patient, or otherwise conveniently at the 
site of the cell such as upon application of heat (such as, tor example, using 
ultrasound). If heat is applied,, it should be done so at a temperature sufficient to 
convert the gaseous precursor to a gas, hut insufficient to harm the ceil (e.g., denature 
the proteins, etc.). Thus, Ideally a gaseous precursor becomes * gas at less than about 
&0*€. Even more ideally, the gaseous precursor becomes a gas at bet ween about 3GT 
and about 7CFC. Most ideally, the gaseous precursor becomes a gas at between about 
37*€ and less than about 50 C 

A variety of different organic haiides may he employed in this itwention. 
Where the organic haiide is a carbon based haiide compound , the organic halide 
preferably contains from I to about 30 carbon atoms, more preferably 1 to about 24 
carbon atoms, even more preferably I to about 12 carbon atorns:, ..still even more 
preferably about 5 to about 12 carbon atoms, and most preferably about 6 Co about 10 
carbon atoms. Thus, the number of carbon atoms in the organic haiide may be 1, 2 t 
3, 4, S, 6, ?, 8, 9, 10, 11, 12. 13, 14, 15, 16, 17. 18, 10, 20, 21, 22, 23, 24, carbon 
atoms, and upwards. Sulfur or selenium based haiide compounds, such as sulfur 
hexuiluoride and selenium .hexafluoride, arc also within the scope of .the invention and 
the phrase organic haiide as used herein. The organic haiides contemplated herein may 
also, for example, have carbon atoms interrupted by one or more heteroatoms, such as 
-O- bonds (as in ether compounds* or have other substhuents such as amines, etc. 
Preferred organic haiides of the present invention are the perlluorimted organic haiides 
such as perflnoracarbons anil perfluoroethers, 

Tahie 1 lists representative organic haiides useful in the present 
invention. Other organic haiides suitable for use do the present invention will be 
readily apparent to one skilled in the; art, once armed with the present disclosure, All 
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sucfe organic Ml Ides are imemied to fail within the scope of ih® term organic MiMe 
used herein, 

Table I 



} . Mixed-ftafostenated Compounds 




^bromo-nonaHuorobuiane 


43 


perOiiorooctyHodicle 


160-161 


pertluoroocytibromide 


142 


X 0 1 -chloro- 1 -flaorO" i -ferotnomethaae 


38 


I 1 ~irkhbrch2 r 2 :> 2-trIf1uoroethane 


45.7 


! ,2 -d ichlof o- 2 


46 


1 , 1 ^dichloro- 1 ,2*dtfluoroethane 


45 


I :,.2-4jchfeto-L 1 >3*£rifl«©rapropane 


50.4 




43 


1 -Br0mo--2 ,4-4!fluorobe^ers«: 




2-iodo4 4, ! -trifluoroefharie 


53 


5-bromovaleryl ehtoride 


43 


IJ-dichiorotetr&lliiOfoacetone 


43 


so bromine pentafltaericfe 


40.3 


ibcomo- 1 , 1 2 J ,3 .3 -hexafluoropropane 


35.3 


2-cMoro i , h 1 ,4,4,4-hexafi«oro*2-laitene 


33 


2~cidoropemaf]tK>ro- 1 , 3-buiadiene 


37 


iodotrdluorwthylene 


30 


2 B 14 ,2-trifluorO"2-cliloroetham 


30 
35.5 


1 ,2-dtflaoroclUo'wthai^ 
1 , i-'diflaoro-2>chloK3etbaafe 


35.1 


1 , 1 -dichkmjfksoroelM'rie 


31.8 


heptaf1«oro-2-fodopropase 


W 


3 0 bromonifiuors^etfeane 


•57.8 
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cfeiorotxi fluoromethaxje -8L5 
dichlorodlfluommetMBe -29, 8 



2 • Fluoridate d Compounds 

1,1,1,3 ,3 -pentaflyoropemase 40 

perfluorotf jfeutylam ine 1 78 

10 perftuorotripropylamrae i 30 

3-fteorobeirfdehyde 56 

3-lludrostyrene 40 

3,&dif!aofwmld£ 40 

IS 2,2:4-^i^oroe%iacrylate 45 

3"(trl8uaromethosy}-acetophejK)ae 49 

i, 1 ,2,2j3,3,4,4-octa&oro^utsjss 44.3 

l f i ,1 ,3 3 -pentaf kiorobutaae 40 

inuorobufane 32.5 

2D !,,i,2 1 23*3v4v4-ociafluorofeutas3e 44.8 

i , I { 1,3 ,3-p8»tafl«orob«taae 40 

periluoro-4 metIrvlquinoii?idi&e 149 

f^ffluorc^N-methyJ^^hydK-^atnc^: i 50-1 55 

perfliKjfo-N-methyI-deCahydr<Qi$OQOia<j^i 150-155 

25 perBuaro-N-cyelobexyl-pyrFoMins J 45- 152 

tetradecaperfiuoreheptiane 76 

dotlecapexftoorocyeloihexafte 52 



wo 



3. jg^rtfaoriaated Cofflsoaaafls: 
a. PmIIusessiiMiis 

perfboroeth&oe 
5 psrfluoroprepane 
perftubrohuia&e 
pernitorope»!M$e 
perOuorohexane 
perfhioroheptane 
1 0 perfluproaictaBe 

perfluorodecane 
pet&prododscane 

1 S perflBqroeydohexan& 
perftuorodecaUn 
perfTuorockxteca? in 
perSuoropropyterie 
pei;fluotX5cyck>butaiie 

per!l«oro-2- buteoe 
pet.fluorobuta-1 , S-diene 

k PerfluoToetber Compounds 
perf1odfobt5iyiethyl ether 

25 bls(perfbioroisopfopyl) ether 
bls(perfit»roptopyi) ether 
perfluoro?«»b>-dtdpyrai3: 
perflaoropiethyt ietrahydrafatan 
perfhiom t-buiyi methyl etiSer- 

3 o perfkoro isobutyl niethyi ether 
perfhsofo n-buty! oieiliyi ether 
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-139 
-7§.3 
-36 
-2 

29,5 
S9~m 
81 
102 
125 
- 143 
melting pt 75-77 
5! 
52 

m 

-28 
•6 
•25 
1.2 
6 



60 
54 
59 
34 

vw. IT 

36 
35.4 



perfltioro l-sopropy! ethyl ether 

perfiooro rt-propyl ethyl ether 23.3 

perfluoro cyclobutyl methyl e$tir 

perfluoro eycfopropyl ethyl ether 

perfluoro isopropy! methyl ether 36 

perfluoro n-propy! methyl ether 

nerflomo diethyl ether 3-4,5 
perfluoro eyelopropy! methyl ether 
perfluoro methyl ethyl ether -23 
petfosxo dimethyl ether -59 



e. Other 

sulfur hexafluoride rn,p, -50.5, 

suhhiTses -63.8 

selenium hexafhtoride sp.p, -34,6 

«^ . sublime? -46.6 

Freiferred organic halicles include l-bromo-nomfluorobutsae, 
l ? -i.,l,%3 ! 'pemafiuoFopenta«e, perflt^rohexane, perfluorocyciphexaue, 
l-hromo-I , UlJJ^-hexgfltioropropans, hepiafhiaro-2-kxiopropane, 
1 ,3 ,2,2,3,3 ,4,4-ociafluorobtaane, 1 -nuorohntane, tetrgdeeaperrluorohepta-ne and 
dodecaperiluotxxylclohexane. Particularly preferred are periiuorohexane (especially rt* 
perfluorohexaeej and perfmoroeyelohexane. A wide variety of other organic halsdes 
useful in the present inversion will be readily apparent to those of skill in the art once 
armed with the present disclosure. Suitable additional organic hahdes include those, 
for example, disclosed in torn, Jr. in U,S. Palest Nos. 4,98? J 54, 4,927,623, and 
4,865,836, the disclosures of each of which are hereby incorporated herein by 
reference in their entirety. 

The amount of orgaaic haiide employed in the present invennon may 
vary, as one skilled in the art whi recogpte, once armed with the present disclosure, 
and may be dependent on stjch fectors as the particular organic halide employed, type 
and nature of the compound to he delivered, the age, weight, cells or patient (animal) 
to be treated, the particular diagaestic, theeapentie or other application intended 
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(including the disease state, if any, to fee treatsd), Typically tew amoants am used 
and ther? increased until the desired deliwry dte is achieved, Rgpresentative- 
amounts are set forth ifc'the examples herein. Of eour^ higiter or lower amounts rosy 
be employed, as will be recognised By the skilled artisan. 
5 Methods of introducing eompQUsds te a-ceB. <also referred to variously 

herein as methods for delivering a compound" ism a cell, methods of intracellular 
delivery, methods of promoting, efiecttng, facilitating or enhancing the uptake of a 
compound into a cell, and the like) include, "tmnsfeetkm", which refers to the 
introduction of genetic material, ke„ a nucleotide sequence (e.g., DMA or RNA} into 
10 a host cell. Transfection is also sometimes referred to as transformation DNA (or 
RjNA) which is new to the ceil into which it Is incorporated is typically referred to as 
heterologous DNA (or RNA) or exogenous DMA tor RNA), Soros bacterial species 
take up exogenous DNA and do no? discriminate between uptake of DNA fWm »" 
similar or same species or from a completely different species or organism. 
15 Exogenous DNA may also he taken up by cells, but may or may not he incorporated 
into nuclear material in a hereditably manner. The objective of tmnsfeehqn of a host 
cell may be to effect expression of one of more carefully selected sequences. 

"Expression" and "gene expression'* refer to the transcription and/or 
translation of a nucleic acid sequence resulting in the production of art amino acid, 
2.0: peptide and/or profem. The nucleic acid sequence may or may not fee incorporated 
into the genetic material of the host cell. For example, the nucleic acid sequence may 
he Incorporated into the genome of a host cell or may simply be introduced into the 
ceil without incorporation into the genome. 

Gene expression, upon administration of the composition of the present 
2S iovemion, may be effected (obtained, promoted, facilitated or enhanced), and m fact 
may be enhanced in that the expression of the nucleic acid sequences as compared to 
conventional ijansfeakm technfffce?: saeh/as calcium phosphate precipitation, viral 
vectors, miewinjecUon, ; s^.;wave-«it?6va& for ©sample lithotripsy, and 
eteetroporation, may be increased, Med*ods of measuring enhanced gene expression 
3 (5 will he known to skilled artisans once armed with the present disclosure and include 
enzyme- linked inununosorhent assay f&!SA} as well as methods disclosed: in 
Sambrook, si a! . , Mdkxula? Coming: d laharmm Mmml, 2nd ed.. Cold Spring 
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Harbor laboratory Press, Cold Spring Harbor, MY 09S9), the disclosures of winch 
are hereby incorpof steel herein by i^feretiee in their entirety. Thus, as a result of the 
methods of the- present invemion, a pfoduot fe.g*, a protein) may be produced- In 
addition, the prevention of the produco*^ of a product (such as, as a result of m 
5 am5sen.se sequence delivered into the ee!l> by the host cell may also result 

Without being bound by any theory of operation, it is believed thai 
delivery of nucleic acid sequences and other compounds in accordance with the 
methods of the present invention may induce a cell to take up the compound to be 
delivered thereto. Included within the definition of delivery Of a compound into a cell 

10 in accordance with the methods of the presets invention are active and passive 

mechanisms of cellular uptake. Ion channels and other means of transport utilized by 
cells to incorporate extracellular materials, including compounds to be delivered 
thereto, into the intracellular milieu are encompassed by the present invention, 

"Nucleotide sequence and nucleic acid sequence" refer to single and 

IS double stranded DNA and SNA sequences, including and no; limited to dhgonudledtide 
sequences of about 100 kb to about 1 ,000,000 fcb (including whole chmmosnmes), 
preferably of about 4 kb to about 6 kh, more preferably about 1 ,000 nucleotides in 
length, more preferably about 500 nucleotides in length, more .preferably about 250 
nucleotides in length, more preferably about 100 nucleotides in length, more preferably 

28 about SO nucleotides in length, more preferably about 25 nucleotides in length, more 
preferably about 10 nucleotides in length, even more preferably about 3 to about 10 
kbp in length, Embodied by the term "nucleotide sequence" are all or part of a .gene, 
at least a portion of a gene, a gene fragment a sense sequence, an antlseose sequence, 
an antigens nucleic acid, a phosphorothioate oligodeoxynucieotide, and an alteration, 

25 deletion, mismatch, rxausitiou, transversion. snutatiou, conservative substitution, and 
homoiog of a sequence, The phrase "at least a portion of," and "all or pan of," as 
used herein, means that the entire gene need not he represented by the sequence so 
long as the portion of the gene represented is .effective to block or exhibit, depending 
on the type of sequence used, gene expression. The sequences may be incorporated 

3 8 into an expression vector such as, and not limned to, a plasmid, phagemid, cosrnid, 
yeast artificial chromosome (YAC), vims <e,:g, t adenovirus, vaccinia virus, retrovirus), 
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asid defective vims (also taem as a "feelpes vkas' 5 }. The nucleotide sequence may 
also be administered naked, that is without an expression vector, 

"CeSr and "'host cell ''refer to prokarvosie cells and eukaryotic cells, 
including plant ceils, animal cells, ceils of mneeikdar orgaaisi»s, ceils of multicellular 
5 organisms, etc. Especially preferred are anOTa! cells, more preferably mammalian 
cells and most especially hitman cells, kelnmng but. not limited to living cells, tissues, 
and organs, Bukaryotic cells are cells of higher organisms in which genetic material Is 
enclosed by a nuclear membrane, Froteryotie cells are cells of lower organisms that 
lack a well defined nucleus- and contain genetic material that is not enclosed within a 
X o membrane- of its own. The cells may he present in vim or in vitro (e.g. in ceil 
culture). 

The Invention has wide applications for effecting (obtaining, promoting, 
facilitating or enhancing) and/or Increasing the efficiency of, intracellular delivery 
(e.g., transaction) and/or, in the case Of nucleotides, gene expression in both in vitro 
IS and in Mm applications, and Is particularly useful tor prokaryotie and eukaryotk 

animal cells, particularly mammalian ceils, Intracellular delivery includes delivery into 
the cells through a cell membrane (plasma membrane}, cell wail, and/or nuclear 
membrane. 

The phrase "cell membrane ? ' (also termed ''plasma membrane "} is used 
20 in its conventional sense as denoting the outer layer or boundary Of the cytoplasm of a 
living cell. Cell membranes are typical iy comprised of protein and lipids, and ate 
generally found in animal cells. 

The phrase "cell wall" is also used in its conventional sense to denote a 
rigid or semi-rigid outer covering surrounding the protoplasts of plant cells and most 
2 5 prakaryotes. Cell wails are typically found, for example, in cells of bacteria, plants, 
algae, and -fungi. Cell wails are, on the other hand, generally not present m animal 
cells. In plants, the wall typically comprises several layers; a primary wall composed 
of cellulose microfibrils twKBto&ti&d&k* matrix of heraiceiioloses and pectie 
substances surrounded by a secondary wall composed of cellulose which is generally 
30 Signified to a varying extent. CelS wails of fungi may contain varying amounts of 
chitm. Cell walls of prokaryotes are typically strengthened by nmeopepiides and may 
be surrounded by a rauctlagenous capsule. 
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A wide variety at compounds am comprise the eoomcamds to be 
delivered to the ceils in accordance with the invention.:, including bioacdve agents, 
diagnostic agents, pharmaceutical agents, and the ifee, airsd include protein^ UNA and 
EN A (both single and double- stmndM}, anthscnse and gene constructs, as well as 
5 other organic or inorganic compounds. Whole -genes* multiple gene sequences, and 
gene fragments may be milked as weM as whole chromosomes and chromosome 
fragments. 

As noted above, the methods »f the present invention may, for example, 
be eanied Out in fee presence of an organic halide, wife or without fee application of 

10 «lifas0undv or in the absence of an organic halide but with fee application of 
ultrasound. Where hioactive agents other than nucleotides are employed as the 
compound to be delivered, generally, for best results, an organic halide is used, 
although use of an organic halide in such a situation is not required. 

If desired, the composition may further comprise a carrier. The earner 

15 employed may comprise a wide variety of materials. Carriers may include, for 

exampki lipids, polymers, proteins, surfactants, inorganic compounds, metal ions, and 
fee like* alone or in combination msh water aM/'or a solvent, or fee carrier may 
simply comprise water and/or a solvent. The lipids, proteins, and polyfeers, for 
example, may be in liquid form or solid form (such as, for example, the form of 

20 partscleSv fifeers, sheets, layers, etc,), or may take the form of a vesicle or other stable, 
Organised form, which may include hut is not. limited to, such forms commonly 
referred to as, for example, liposomes, micelles, hubbies, microbobbies, microspheres, 
lipid--, polymer-, and/or protem-coated bubbles, mierobubbles and/or microspheres, 
microbailoons, aerogels, hydrogeis, clathrates. hexagonal Hi! phase structures, and the 

2 : S like. The internal void of the vesicle or other stable .form may, for example, be filled 
with a liquid (Including, for example, a gaseous precursor), a gas, a solid, or solute 
material, or any eombiuarion thereof* including, for example, the compound to be 
delivered, the organic halide, and/or any targeting hgand, as desired. Typically , the 
carrier is provided as an aqueous milieu, such as water, saline (such as phosphate 

30 buffered -saline}, and the like, with or without ether carrier components, although other 
non-aqueous solvents may also he employed. If desired. The carrier may comprise a 
mixture in the form of an enuilsidn, suspension, dispersion, solution, and tire like. 
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Lipid .{including oil) Ss water emulsions am especially pfeterred. As indicated above, 
the carrier may also include buffets. 

Thus, "vesicle", as used hemin, refer $ to m entity which is generally 
characterised by the presence of one or more walls or membranes which terra one or 
more internal voids. Vesicles may be formulated, for example, from stabilizing 
compounds, such as a lipid, including the various lipids described herein, a polymer, 
including the various polymers described herein, or a protein, including the various 
proteins described herein, as well as using other materials that will be readily apparent 
to one skilled Irs the art. Other suitable materials include, for example, any of a wide 
Variety of surfactants, inorganic compmmds, and other compounds as will be readily 
apparent to one skilled m the an. Also, as will be apparent to one skilled in the art 
upon reading the present disclosure, the organic haMdes may themselves act as suitable 
carriers, and may in certain embodiments themselves form vesicles and other organized 
structures . Thus the use of the organic halides of the invention in cdrnhination with a 
compound to be delivered, without an additional compound to serve as a carrier, is 
within the scope of the invention. The lipids, polymers, proteins, sutiactanls, 
inorganic cotnpounds, and/ot other compounds may he natural, synthetic Pr semi- 
synthetic. Preferred vesicles are these which comprise walls or membrancsxlpmmlated 
from, lipids. The walls or membranes may he concentric or otherwise. In the 
preferred vesicles, the stabilising compounds may he in the form of a monolayer or 
bilayer, and the mono- or bilayer stabilising compounds may be used to form one or 
more mono- or bilayers, in the ease of more than one mono- or biiayer. the mono- or 
bU&yers may be concentric, if desired. Stabilizing compounds may he used to form 
unilamellar vesicles (comprised of one monolayer or biiayer), ohgotsrnellar vesicles 
(comprised of about two or about three monolayers or bikyers) or multilamellar 
vesicles (comprised of more than about three monolayers or biiayers). The wails or 
membranes of vesicles prepared from lipids, polymers or proteins may be substantially 
solid (uniform), 0f^py^ pmms- m sem^poroas. . The vesicles described herein 
include such entities commonly referred to as, for example, liposomes, micelles, 
bubbles, mierobobbles, microspheres, lipid-, protein-and/or polymer-coated bubbles, 
mierobubhies. and/or microspheres, mierobahoons, microcapsules, aerogels, clathrate 
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boufid veskks, hexagonal U H plss&e simcmres, and the .'like, The vesicles may also 
comprise a ' targeting ItgMd, M desired, 

"Lipid vesicle", "polymer vesicle^* and "protein vesicle" refer 
respectively to vesicles fbr&tfrfated from one or more lipids, ■polymers apd proteins. 
S "Liposome* refers to a generally spherical or spheroidal cluster or 

aggregate of amphipathic compounds, including lipid compounds, typically in the form 
of one or more concentric layers, for example, monolayers or hi layers. They may also 
be referred m teem as lipid vesicles. The liposomes may be formulated, for example, 
from ionic lipids and/or non-tome MpMs. Liposomes which are' formulated from bob- 
1 o ionic lipids may also be referred to as "niosoroes. " 

"Micelle" refers to colloidal entities formulated from lipids. In certain 
preferred embodiments, the micelles comprise a monolayer or hexagonal H2 phase 
configuration. In other preferred embedments, the micelles may comprise a blayer 
configoration. 

3 5 "Aerogel" refers to generally spherical or spheroidal entities which are 

eharadern^d by a plurality of small internal voids. The aerogels may be formulated 
from synthetic or semisynthetic materials {for example, a foam prepared from baking 
resofcinoi and formaldehyde), as well as Batumi materials, such as polysaccharides or 



20 ''Clathrate" refers to a solid, semi morons or porous particle which may 

fee associated with vesicles, in preferred form, the dathrates may form a cage-lite 
structure containing cavities which comprise the vesicles. One or mom vesicles may 
be bound to the clathrate. A stabilizing material may, if desired, be associated with 
the clathrate to promote the association of the vesicle with the clathrate. Suitable 

25 materials from which eiathtaies may be formulated ineinde, for example, porous 

apatites, such as calcium hydrpxyipatite, and precipitates of 'polymers and metal ions, 
such as algimc acid precipitated with catcinm salts. 

"Emoiskm" refers to a mistme of two or more generally immiscible 
iiqnlds and is generally in the form of a colloid. The Ikpids may be homogeneously 

30 or heterogeneonsly dispersed throughout the emulsion. Alternatively* the liquids may 
be aggregated in the form of, for example, dusters or layers, including mono- or 
Mlayers. 
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'Suspension" or "dispersion" refers to a mixture, preferably finely 
divided, of two or more phases (solid* liquid or gas), $m m for example, liquid m 
liquid, solid 'm liquid, iiquM In gas, etc.) wbieh can preferably remain sable for 
extended periods of time, 
5 "Hexagonal H II phase structure" refers to- a generally tubular 

aggregation of lipids, proteins, or p&ymm (especially lipids) in liquid media, for 
example, aqueous media, m which any hydrophillc portfes(s) general!)' face inwardly 
in association with m aqueous liquid etwironment inside the tube. The hydrophobic 
portion^) generally radiate outwardly and the complex assumes the shape of a 
X 0 hexagonal tube. A plurality of tabes k generally packed together in the hexagonal 
phase structure. 

"Biocompatible" refers m materials which are generally not injurious to 
biological functions and which will not result in any degree of unacceptable toxicity, 
including allergenic responses and disease states. The compositions of the present 

15 invention and/or components thereof are typically biocompatible. 

The nucleotide sequence or other compound to be delivered may be 
administered, if desired, "b combination with" anorganic halide, and may further be 
administered, if desired/in combination with" a carrier, including a vesicle (or other 
stable form). "In combination with" refers to the co-admiuistnttion of the compound 

m to be delivered and the organic halide (and/or carrier, if desired). The compound to fee 
delivered and the organic halide (and/or any carrier) may be combined In any of a 
variety of different fashions, including -simply being placed in admixture with one 
another. In addition, for example, the nucleotide or other compound, to be delivered 
and/or the organic halide may be embedded, encapsulated, or attached to, or with, one 

25 another, as desired (including any and ah combinations thereof). The phrase "in 

admixture" includes solutions, suspensions, emulsions, dispersions, mixtures, etc. The 
phrase^ "attached to" or vaxkti^'tteQf, .as. used herem, denotes being linked in some 
manner, such as through a eovaient or ionic bond or other means of chemical or 
electrochemical Imkage or Interaction, The phrase "encapsulated* and variations 

30 thereof as used herein refers to a location inside an internal void of a vesicle or other 
structure, The phrase 'Embedded within* or yariatioris thereof as used herein signifies 
a positioning within the wall of a vesicle or other structure, Thus, a nucleotide 



sequence, for example, can l^ positioned variably, as, for example, entrapped, 
within the internal void of the vesicle, situated 6a the interna! wall of the vesicle, 
meorporated onto the external sprfaee of the vesicle, and/or enmeshed within the 
vesicle stmctute itself la addition, opt pi mom vesicles may he administered as a 
cavitator, In such ease, the vesicles accompany ^.-administration of a compound and 
may serve to enhance the efficiency of ultrasound. 

Lipids may he used m the present invention as a carrier. The lipids may 
be .natural, synthetic .or semisynthetic (i.e., modified natural).- Lipids useful in the 
invention include, and are not limited to, fatty acids, lysohpids, oils (including 
saffiower, soybean ami peanut oil), -phosphatidylcholine with both saturated and 
unsaturated lipids including phosphatidylcholine; dioleoyiphospfeatidylehottne; 
dimyristoyiphosphatidykhoHne; dlpentadecanoylphosphaudylcholine, 
ddaureyiphosphatidyiehoiine, dioleo>dphosphatidylcho:line, 
dipaimitoylphosphatidyichollne; distearoylphosphatidylcholme; 
phosphatidylethanojamkes such as dioleoylphosphatidyied^anolamine; 
phosphatidylserinc; phosphatidyhj iyceroi; phosphatidyllnositoK sphingolipids such as 
sphingomyelin; giyeolipids such as ganghoside GM1 and OM2; gMcolipids; sulfatldes;; 
giycosphlngolipids; pjhosphaiidte acid; palmitic acid; stearic acid; araehidonlc acid; 
oleic acid; lipids bearing polymers such as polyedwlenegiycoi, chitln, hyaluronic acid 
or polyvinylpyrrolidone; lipids hearing sulfonated mono-, di-, oltgo- or 
polysaccharides; cholesterol, cholesterol sulfate and cholesterol hemisoecinate; 
tocopherol hemisnecinate, lipids with ether and ester-linked fatty acids, polymerized 
lipids (a wide variety of which are known in the art), diaeetyi phosphate, stearylamioe, 
cardiolipin, phospholipids with short chain fatty acids of about 6 to about 8 carbons in 
length, -synthetic phospholipids with asymmetric aeyl chains (e.g., with one aeyl chain 
of about 6 carbons and another aeyl chain of shout 12 carbons), 

6»{5^hdle$ten-3b-yloxy>Hhio^^^$alaetopy^r^side 4 digalaciosyMigiyeeride, 

o>C5-cbjolesign^^ 

6-(5:-eholeM£p4^p^^^ 

acid; 
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ocmdeeanoyl]»2-amtnopa!mMe acid; iehoksterylM'^ 

.N -succin3?lclioIeo>1phosp^i#J«^i^l^^ i ,2-dtoleoy hsn-glycerol; 

i-hexadecyl-l-pamm^ palmiioylhomocysfeme, 
5 and/or combinations thereof. Vesicles or other sfraenires may be f brmed of the lipids, 
either as. monolayers, Miayers, or multilayers and misy of my. not have a farther 
coating, 

The preferred lipid aitier pay be in the form of a monolayer or 
feilayer, and the mono- or biisyer may he used to form one or more mono- or hilayers, 
x o l« the case of more tea one mono- or bilayer, the mono- or hilayers may be 

concentric . The carrier may form a unilamellar vesicle (comprised of one monolayer 
or biiayer) . an oUgolamehar vesicle (comprised of about two or about three- monolayers 
Or bdayers) or a multilamellar vesicle (comprised of more than about three monolayers 
or bU&yers). The wails or membranes of a vesicle may- be substantially solid 
15 (umform)y or they may be porous or semi-porous. 

Lipids bearing hydrophtiic polymers such as poIyethyienegiycoS (PEG), 
including and not limited to MW, 5,01X1 MW, and PEG 8,(50(5 MW> are 

particularly useful for improving me stability and size distribution Of organic kalide- 
containing composition. Dlpalnntoyiphosphatidykholine (DPPC) may fee useful in the 
20 prmnt invention at about 7&f$ to about 9Q%, dipaimitoylphosphaiidyietfeanofemsne- 
polyethylene glycol 5000 (DPPE FEG 5000} may be usefoi at about 0% to about 20% 
and dipalmitoylphospbatidic acid (BPPAi may be useful at about Q% to about 20% (all 
percentages being in mole percent molecular weight). A preferred product which is 
highly useful as a carrier in me present tattsdrian contains about 83 mole percent 
2S DPPC, shout 8 mole percent DPF&PBS 5,(1)0 MW and about 10 mole percent 
BPPA. Various different mole ratios of PEGylated lipid arc also useful 

Additionally lipid moieties capable of polymerization are embraced in 
the mvemtoB as coatings for the vesicles. Examples of these include, but are not 
.limited to, aikenyl and alkynyl moiefies, such as oleyi and linoSey! groups, diaeetylene, 
3 0 acryloy! and methacryloyl group with or without polar groups to enhance water 

solubility, ^y«t^ty^-t&tm.^i<m%' eanymg lipophilic esterifying groups or the 
compounds illustrated as A and B , below. A number of such compounds are 
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described, for example, m Elaveness et si,, tf.S. Patent No. 3,536,490. The 
disclosures of Kkveness et al,, U.S. Patent Mo. 5,336,490, are hereby incorporated 
herein by reference in their effliseiy. 

Ptuorinateg or pertlnotirmted lipids may also be used in. this, invention, 
S either as the organic halide component or as an additional carrier material. Examples 
of suitable iluorinated lipids include but are not limited; to compounds of the formula 

C R F W ! (CHj} H5 C(0)OOP(OOlO<^H s | w N*(€Ho AF Ssi , tGH | ,p{0)0 

wherein: m Is 0 to about IS, n is 1 to about. 12: and w is I to about 8. Examples of 
and methods for the synthesis of these, as well as other fluoridated lipids useful m the 

2 0 present invention, are set forth in U.S. application Serial No. 08/465,868, filed Jnne 6, 
1995. Reiss et at tJ-S, Patent No, 5,344,930, Frezard, F., er at, r Bi&phem Bwphys 
Aem 1994, 1192:01-70, and Frezard, F,, <?( al, An. Celts Blood ' Subs ,md Immab 
Mmeck. i$$4, 22:1403-1408, the disclosures of each of which are incorporated herein 
by reference in their entirety. One specific example of a ditlnoroaeyl 

ttS glyeeryiphOvSphatidykhObne, nonafhiotinated diaeyi glyceryiphosphaiidykholne, is 
represented by compound A, below. Those skilled in the art will appreciate that 
analogous fSuprinated derivatives Of Other common phospholipids idiaeylphosphatKlyl 
serine , diacylphosphafidyi ethanol&mme, diacylphosphatidy I glycerol , 
diacyiphosphatidyi glycerol, etc.) as; well as lluoraated derivatives of fatty acyi esters 

20 and free fatty acids xmy also function in accordance with the scope of the invention. 
Additionally lipid based and flnoriuated (including perfluorinated) surfactants such as 
may be used as carriers in the present invention. 

A wide variety of such fluoriuated compounds may be. employed . 
Including, tor example, the class of eompesnnds which are commercially available as 

25 2QNYL* floorosurfaetants (the DuFont Company. Wilmington, DBy» including the 
ZONYL* phosphate salts and ZQMYl^ sulfate salts, which -are fiyomstufactaots 
having terminal phosphate or sulfate groups. Representative compounds are disclosed, 
for example, in U.S. Patent No. 5,276*145, the disclosures of which are hereby 
incorporated herein by reference in their entirety. Suitable ZONYL* surfactants also 

30 include, for example, ZOHYF* surfactants identified as Telomer 8, mciudlag Telomer 
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B surfactants wMeh &r& pegy&ted: (i.e., fee at least one polyethylene glycol group 
■attached thereto), alxo faowa as PEG-Teiomer B, a*aiteb*e from the DuFoat 
Company , Most preferred arc such pegyh«ed Daorosurfaetants. 

Suitable polymemable aMfm fixmrimmd mmponmh include 

A 
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In tomtt&t A, above, prefersfely x is m integer from about 8 to about 18, and n Is : 2x.. 
Most, preferably x is 12 and 
§ Cationic lipids aad other derjyatized' lipids &r4 txpU mixtures also may 

be useful as carriers in the present invention. Suitable eatiomc lipids Incfodo 
duayrisiyi oxypropyi-S-dioiethythydroxy ethylammoniuttt bromide (DMRIE), dilauryl 
oxyp.ropyi-3-dimetbylhydroxy -ethykmrnomuis bromide (DLRTB), N-jl -(23- 
dioleoyloxjI^pall-n^^trimeajyiamiBoniism sulfate CDQTAP), 

10 dioleoyiphospbatidyletbaooiamine (DOPE), dipalmitoyleihylpbospbatidyiehoiine 

(0FEPC), dioleoyipbosphatidyldsolsne (DOPC), polylysine, bpopolylyssm;, didoeey! 
meihylammomum broroideCDDAB), 23-dj^eoyfcxy-N42-(spen«SRecarboxamidoetbyi^ 
N ,H-di-methyi-l -propaoamOTmn rrlfluproacetgte (D0SPA), c«tyltrjmethy!ammoui«m 
bromide (CTAB), IysyJ-PE3jr|!t(^ 

1 5 cart?amoyl]chotes«eroi {DC-€boi«erst also known as DC-Choi), (-alanyl cholesterol, 
K41~(23-dioteoyloxy^ chloride(DOTMA). 
dipalmit^^ lamide { DPPES) , 

dfcapmylptoo^tfMyl^^Moe .{jBCPE), ^diMedwiaramopyridiRo (DMAF), 
dimyristoylphosphatidyietlMiJOlamine (P|^^,;.4l^yletliy^feos^6d»0«iie (DOEPC) . 
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diostadecyiann^ogiyeyl spermidine C0CKjS>, ^4H^4^«>teo^P^)pn>py1}-K-|;i~{2-- 
hydrox3?fethyl)]-N,H-dji»eihyia^m^!^::i<^M« (DOBME), L'rpofectin- (DOTMA 4 
DOPE, Life Technologies, Ise,,, C&jihexsfega .M>,,''O|50f^tamin« (0OSPA 
DOPE, Life Technologies, fe. s Gaifeexshurg, MB), Transfeetaee (Life Technologies, 
Inc., Gaithersburg, MB), Transfeesam (Pmmega Ltd,, Madison, WI}, Cytofeetm (life 
Technologies inc., Gaithersburg, MB), Other fepresentative catioaic lipids Include but 
are not limited to ptophaiyyM^j^lam^.'pi^atidylchoHr^, 
glycero-S-etfeylpBosphatidykholine and fatty acyl esters thereof, dt~ and trimethy! 
ammonium propane, di- and tri-efhylaniiiiontoin propane and fatty acyl esters- thereof, 
A preferred derivative from this group is M~f l-C2,3-dio!eoy!o%y}propyI]-N,N 1 N-- 
trimemylammotnum chloride (DOTMA). Additionally, a wide array of symhetic 
catfcaric lipids function as compounds useful in the invention. These include eommon 
natural lipids detivatued to contain one or more basic functional groups. Examples of 
lipids which may be so modified include bat ate not limited to 
dimethyldiocsadecylammoeinm bromide, sphingoiipkls, sphingomyelin, lysoiipids, 
glyeohpids such m ganghoside OM U snifatldes, glycosphmgolipids, cholesterol sod 
cholesterol esters and salts, N-soecioyldioleoylpKospfaatidylethanoiamiae, 
1,2,-dioieoyl-su-gIyeero] , 1 J-dipaimitoyPa-seecinylglyceroh 
L2>dipa!nntoyl-snr3-suecinylglycer«i ;> i-hexadecyl-'2-paimiioyiglyesrophosphatsdyl" 
ethanoiamine and pahnitoyihonroeystiene. 

Other synthesized cationic lipids that are useful m the present Invention 
are those disclosed in pending U.S, patent application Serial No. 08/591,93$, filed 
February 2, 1995, and inefade, for example, N.N^BIs 
(dodecyaniioocarbooyhnethyteue)~N s H 

8rninocarboTsylrnethyiene)eihyienediasnine tetmfedide; N,.N"~Bts 
(hexadecyU^tusr^>carbonyImethylene)-N,N ? »N v -tris ({-N f H , N -trlmethyianimonium - 
ethyiaininocarbonylmdthy lenedi ;-ethyleoetriainioe: bexaiodlds ; N , N * -Bis 
(dcxiecylaminocarbo*vyim 

earbonyime.^ tetratodlde: i, i J J--tetra-<(-N,'N ,HM~ 

teirameihyismmuniom^ 

atninocarbonytaet^^ heptaiodide; and 

N , N ,N ! N * -tet ra .( I ' -N , N ,K -m^ ' ( 1 ,2 -d i 



- 27 - 

oleoyigtycero-S-pfeospte^ dlethy lenetr&mine 

tetraiodide. Those of skill ih the ait will recognise that countless other natural and 
synthetic variants canylog |n>sMye charged moieties will also function in the invention. 

Also useful m carriers in the present Invention are a wide variety of 
surfactants {i.e., surfeee-aetive ageifts), i^WIng- f$y«>xyalkylene fatty acid esters 
(stich as -polyoxyethylene fatty acid esters), poiyoxyalkyierie fatty alcohols (such as 
polyoxyethylene fatty alcohols), polyoxyalkyiene fatty alcohol ethers (such as 
polyoxyethyiene faity alcohol ethefis), j^iyoxyalkylsne sorbitan fatty esters (such as, 
for example, ffee class of compounds referred to as TWEEN™ commercially available 
from ICI Americas, Inc., Wilmmgtoa, DE)». mclddmg 

p0iy(oxyemyteoe}poiy<oxypropylene) copolymers (such as Platonics), polysorbales 
(such as Tween20, I- ween40, and TweeaSO), polyoxyethyieoe alcohols (mzh as SriJ), 
and plasmabgens, the term applied to a camber of a group of phospholipids present is 
platelets that liberate higher fatty aldehydes, e.g. pahnitaL on hydrolysis and m»y fee 
related to the specialised function of platelets in blood coagulation and plasmslogens 
are also present In eel! membranes of muscle and the myelin sheath of serve fibers , 

In the preferred embodiment of the invention the organic halide is 
incorporated Into the core of a vesicle which vesicle carrier is also used to complex the 
compound to be delivered, such as DMA, 

A wide variety of oils may be preferably employed- as carriers in the 
present invention, including, but not limited to, saf flower, soybean., and peanut oif 
The composition may take the form of an oil in -water emulsion, if desired. 

The most preferred carrier is a canonic lipid (including a canonic 
liposome), particularly as employed in an apueous milieu. A preferred cationic lipid is 
DFEFC in admixture with the neutral fusogenic lipid dioleoylphosphatidyiethanolamine 
(DOPE). A preferred ratio of lipid to ojpmie halide is 5:1 w/w. A preferred 
embodlmem is to formulate the lipid or polymer as an organic halide- filled 
microsphere, sneli as a microsphere formed with the lipids 

dipalmiioylphosphatidykholfne {OPPC), dipatesitoylphosphatidylethanolamine coupled 
to polyethylene glycfet .SOQO-'CPFFB-PBSSPP}', and clipalmitoylphosphatidic acid 
(DPP A). DPPC^PPE-PB^SOT-DPPA may be combined in a ratio of about 
S2%:g%:l0% fmoie %} or 83%:S%:S%, DPPE-PEG50QP is comprised of DFFE and 
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FEG50O0 m a ratio bf .about 20%;Sfi% fweigM FEGSfMK) refers to PEG having 
an average molecular weigbt of about. SOtKk 

Proteins (fc^Miag peptides) useful as carriers in accordance with the 
present invention include molecules comprising, and preferably consisting essentially 
of, a-ammo acids m p&pMp linkages. A wide vsnety of proteim may be employed as 
earners in the present invention, iachsdi«g natural, synthetic, or semi-synthetic 
proteins. Included within the term "protein'' ase globular proteins, such as albumins, 
globulins and histories, and fsbrons proteins such as eoliagens, eiastins and keratins. 
Also included are "compound proteins", wherein a protein molecule is united with a 
nonprotein molecule, such as nucleprateins, mecoproteins, lipoproteins, and 
metalloptoteins. Preferable protemaeeons 'macromolecates include for example, 
albumin, collagen, polyarginioe\ poiyiysine, polyhistidine, y-globuHn and ^-globulin, 
with albumin, potyarginins, polylysihe, and poiyhistidine being more preferred, 
Flnorinated peptides sad synthetic pseudopeptides are also useful as carriers, 
Flnorkated peptides useful in the present invention include those described in 
tohrmann, U.S. Patent No. 5,562,822, the disclosures of which are hereby 
ipeorpotated herein by reference in their entirety, Cationic peptides may also he 
usefeify employed as carriers In the present invention. Various peptides suitable for 
use in the present invention will be apparent; to one skilled in the art based on the 
present disclosure. 

The methods of the present invention may also involve vesicle?; or other 
organised stable form formulated from proteins, peptides and/or derivatives thereof; 
Vesicles which are formulated from proteins and which would be suitable for use in the 
methods of the present fovefttiiott a^\de^nfce&, W -example, in Peimtein, U.S. Patent 
Hps, 4,572,203, 4,718,433, -and. 4^?4; ? §5S, and Ceroy eta!., U.S. Patent No. 
4,957,656, all of the disclosures of each of which are hereby incorporated by reference 
in their entirety. Other protein-based vesicles, in addition to those described in the 
aforementioned patents, would be apparent to one of ordinary skill in the art, once 
armed with the present disclosure. 

included among the methods described In the aforementioned patents for 
the preparation of protein-based vesteies are methods which involve sonicating a 
solution of a protein, in preferred form, the starting material may be an aqueous 
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solution of a teat-usm&saofe w^ter-sobibie bi^ompadbfe protem. The encapsulating 
protein is preferably beat-sermtiye so diat it can be partially insolobillzed by .heating 
during sonfcatipn. Suitable heat-§er#tive proteins tEjcit&te, for example, albumin, 
hemoglobin, collagen, andHhe Bice. Preferably, the protein is a human protein, with 
S human, serum albumin (HSA) being mote preferred. HSA is available comsnercially as 
a sterile 5 % aqueous solution, which is suitable for use m the preparation of protein- 
based vesicles. Of course* as would be apparent to one of ordinary skill in the art. 
other concentrations of albumin, as. well as other proteins which are heat -detiamrable, 
can he used to prepare the vesicles. Generally speaking, the concentration of HSA can 

i o vary and may range from about 0.1 to about 25% by weight, and all combinations and 
sntxxmtbioaOons of ranges therein, ti may he preferable, in connection with certain 
methods for the preparation of protein- based vesicles,, to utilize the protein in the form 
of a dilute aqueous solution. For albumin, it may be preferred to utilise an aqueous 
solution containing from about 05 to about 7 J% by weight alhnmin, with 

is eoneentraikms of less than about 5% by weight being preferred, for example, from 
about 0,5 to about. 3% by weight. 

The protein-based vesicles may un prepared using e#ipmenl which is 
ebmmermaliy available. For example, in connection with a feed preparation operation 
as disclosed, for example, in Ceray, etaL, U.S. Patent No. 4,957,656, stainless steel 

20 tauks which are commercially available from Walker Stainless Equipment Co, {t^ew 
Lisbon, Wl), and process filters which are commercially available from Miilipore 
(Bedford, MA), may be utilized. 

The sonlcahon operation may utilize both a heat exchanger and a How 
through sonicating vessel, in series. Hear exchanger equipment of this type may be 

25 obtained from ITT Standard (Buffalo, NTb The heat exchanger maintains operating 
temperature for the senieasioo process, with temperature controls ranging from about 
65 X to about 80*C, depending on the makeup of the media, The vibration frequency 
of the sotucaiioa equipment may vary over a wide range, for example, from about 3 
to about 40 kilohertx fffiz}, with a majority of the commercially available sonieaiors 

30 operating at about 10 or 20 klfe Suitable someatmg equipment ioclude, for example, 
a Somes & Materials Vihra-Cetb equipped with a flat-tipped sonicator hom, 
commercially available from Sosies M Materl&is, Inc, (Daobury, CT). The power 



applied to the soaicator 'fen' ca& fcfe- Vatled oyer power settings sealed from 1 to 10 by 
fee manufacturer, as with Souics & Materials \ ? ibfa~Cel! Model VLJ 500, An 
intermediate power setting, for example,, from 5 to can be used, U is preferred that 
the vibrational frequency and the power supplied fee suflscient to produce cavitation in 
the .liquid! being sonicated Peed' flow rates may range from about 50 mL/min to about 
1000 mUmi**, and ai! combinations and sobeoiMvinarions of ranges therein. Residence 
times in the sonieatiou vessel can range fmm about i .second to about 4 minutes, and 
gaseous fluid addition rates may range from about 3.0 cubic centimeters (cc) per minute 
to about 100 ee/min, or 5% to 25% of Use feed flow rate* and all combinations and 
subcombinations of ranges therein, 

it may he preferable to carry out the senleatkm in such 8 manner to 
produce foaming, and especially intense foaming, of the solution. Generally speaking, 
intense foaming and aetosolating are important for obtaining a contrast agent having 
enhanced concentration and stability. To promote foaming, the power input to the 
sonkator horn may be increased, and the process may be operated under mild 
pressure, for example, about I to about' 5 psi Foaming may be easily detected by the 
cloudy appearance of the solution, and by the foam produced. 

Such sonieation- methods .may also be employed to prepare bpid-based or 
Other types of carriers as will be apparent to the skilled artisan. 

Suitable methods for the preparation of protein -based vesicles may 
involve physically or chemically altering the protein or protein derivative in aqueous 
solution to denature or fix the material. For example, protein-based vesicles may fee 
prepared from a 5% aqueous solution of HSA fey heating after formation or during 
formation of the contrast agent via sonieation. Chemical alteration may involve 
chemically denaturing or fixing by binding the protein with a dtfunctional aldehyde, 
such as glutaraidehyde. For example, #e vesicles may be reacted with 0-25 grams of 
50% aqueous glutaraidehyde per grant of protein at pK 4.5 for 6 horns. The onreaeted 
glutaraidehyde may then be washed away from the protein. 

The carriers may also fee -formulated with polymers, natural, synthetic, 
or semisynthetic, A wide variety of mdymers may be milked as carriers in the present 
invention, including synthetic polymers including polyetbyienes (such as, for example, 
polyethylene glycol), polyox^ethylenes (such as, for example, polyoxyetfeyleue glycol), 



polypmpyleses (such as, for example, polypmpykiise gfy^ol), pluronic acids ami 
alcohols, polyvinyls {such as, for example, polyvinyl alcohol), and 
polyvinylpyrrolidone. Exemplary natural polysmts suitable for use i« the present 
mveniioa include polysaccharides. Polysaccharides for example, arabiate, 

fractaiss, fueans, gakctans* piaet&ronans, glneans, mannaus, xylans (such as, for 
example, maim), levari, fucoidan, carmgeeaan, galactoearolose, pectin (including high 
methoxy pectin and low i»e&oxy pectin; with low methoxy pectin denoting pectin in 
which less than 40% of the earboxyiic acid groups are esterifed: and/or amidated, and 
high methoxy pectin denoting- pecfin in which 40% or more of the earboxyiic acid 
groups are esterified and/or amtdated), pectic acid, amyiose, pullulan, glycogen, 
aniylopeciin, cellulose, earboxvlmethyieeilukKse, hydroxypropyl methyieeiklose, 
dextran, pasfulaa, chinn, agarose, keratan, chondrmtin, dermatan, hyaluronic acid ami 
alginic asid , and various other homopoiymers or heteropolymen such as those 
containing one or more of the following aldoses, ketoses, acids or amines: etyl;arose, 
threose, ribose, arahinose, xylose, lyxose, alfose^ altrose, glucose, msnnoss r goiose, 
Idose, galactose, Mlose, erythralose, ribnJose, xylulose, psicose, fructose, sorbose, 
tagatose, glucuronic acid, gluconic acld,;glut&fie acid, galaetnronie acid, manMuronic 
acid, guioropic acid, glucosamine, galactosamine and neuraminic acid, li is recognised 
that some polymers may he prepared by chemically modifying naturally ocsntTing 
polymers;. Such chemically modified natural polymers also referred to as: semisynthetic 
polymers. The polymers employed may also comprise fhtorinaied polymers, including 
those described in Lohrmann, II ,& Patent Ho, 5,562,892, the disdosnres of which are 
hereby Incorporated' herein by reference In their entirety, furthermore, the polymers 
may he in the form of vesicles, such as for example, those described in linger, U.S. 
Patent Ho, 5,205,290, the disclosures of which ate hereby incorporated herein by 
reference in their entirety . As used herein, the term "polymer" denotes ■molecules 
formed from the chemical unioo of two or more repeating uni ts , and include dimcrs, 
frlmers, and oligomers, In preferred form, the term "polymer 51 refers to molecules 
which comprise 10 or more repeating units:, 

Metal ions may also;. ^.-•e^lopdi as- captain ..ihe ..present invention. 
Suitable metal ions include eaiemm ions, magnesium ions, zinc ions, and the like, as 
well as a wide variety of inorganic compounds. Other suitable metal ions as well as 



other suitable morpnie eompoMdS: wilt be asadfljr apparent to those skilled is the art 
once, armed with' the present hweatkm. 

Other useful agents that may he employed m the earner of the present 
invention Include osmotic agents* aMHWQhjals, viscosity raising agents, suspending 
agents, humectants and aua-teiec^nts, . depending uptm the particular formulation 
desired. 

One or more emulsifying # stabilizing agents may also be employed as 
or be included in the earner. These agents help to maintain the size of any discrete 
•Units (e.g., liquid droplets, particles, gas tabbies, etc.) of the organic halide and/or 
compounds to he delivered that may have formed the composition. The size of these 
discrete units will generally affect the size of any resultant gas bubbles that may form 
from any gaseous precursors. The emulsifying and stabilizing agents also may be used 
to generally coat or stabilize the organic haltdes, compounds to be delivered, etc. 
Stabilisation is desirable to maximize the intracelMar delivery effect. Although 
stabilization is preferred, this is not an absolute requirement. Because any gas 
resulting from organic halide gaseous precursors is more stable than air, they may still 
be designed to provide us^gl^WM for example, they pass through the 
pnimonary circulation Mlowfeg perijtea! venous injection, even when not specifically 
stabilized by one or more coating or emulsifying agents. One or more coating or 
stabilizing agents is preferred however, as are flexible stabilizing materials. Also, it 
should he noted that compositions stabilised by polysaccharides, ganglmssdes, and 
polymers are generally more effective than those stabilized by albumin and other 
proteins. Also, liposomes prepared using aliphatic compounds are preferred, since 
microspheres stabilized with these compounds are much more flexible and stable to 

pressure changes. 

The carrier of die invention may also comprise a wide variety of 
viscosity modifiers, including and not hunted to carbohydrates and their phosphorylated 
and sulfonated derivatives; polyethers, preferably with molecular weight ranges 
between 400 and 8000: di- and trihydroxy atones and their polymers, preferably with 
) molecular weight ranges between S0Q and 8600. Glycerol propylene glycol , 

polyethylene glycol, polyvinyl pyrrolidnne, and polyvinyl alcohol may also be useful as 
carriers or stabilizers In the present invention. Particles which are porous or 



semi -solid such as hydroxyspatite, pe{aM^#& : aad. e#peet#ates of fete, e.g., 
hyaluronic acid with calcium may fee used and may formulate a center or nidus, f® 
m®w composition of the invention, 

Bm«lsifying.^A3!f- : soJufetIi^5ig : -a^B8s may also be used iu a earner, 
particularly in conjunction wife lipids or liposomes. Such agents include and are not 
limited to, acacia, cholesterol, dlethandlamine, glyceryl monostearate, lanolin alcohols, 
ledthm, mono- and di-glyeerides* mono-ethauolamlne, oleic acid, oleyl alcohol, 
poloxamer, poiyoxyethylene SO stearate, polyoxyl 33 castor oil polyoxyl. 10 oleyl 
ether, polyoxyl; 20 cetostearyl ether, polyoxyl 40 stearate, polysorbaie 20, polysorbate 
40, polysorbate 60, polysofbate 80, propylene glycol diacetate, propylene glycol 
monostearate, sodium lauryl sulfate, sodium stearate, sorbltan, sorbitan mono-ianrate. 
sorbitan mono-oleaie, sorbitan mono-pahmtate, sorb nan iuonostearate, stearic acid, 
troiamine, and emulsifying wax. AH lipids with perfluoro fatty acids as a component 
Of the lipid in lieu of the saturated or unsatuiated hydrocarbon fatty acids found in 
lipids of plant or animal origin may be used. Suspending and/or viscosity-increasing 
agents thai may be particularly useful with lipid or liposome solutions include but arc 
not limited to, acacia, agar, afginic acid, aluminum mono~stearate> behtoaite* magxna, 
carbomer 934P, catboxymethyleellulose, calcium and sodium and sodium 12, glycerol, 
can-ageenan, eeliulose, dextrin, gelatin, guar .gum, hydroxyelhyl cellulose, 
hydroxy-propyl msthyicellulose, magnesium aluminum silicate, methyleeilulose, pectin, 
polyethylene oxide, polyvinyl alcohol, povidone, propylene glycol, alginate, silicon 
dioxide, sodium alginate, tragacanth, and xanihum gum . A preferred product of the 
present invention incorporates lipid as s misted solvent system in a ratio of 8:1; I or 
9:1:1 norma! sahne: glycerol propylene glycol. 

The amount of carrier ' material 'employed m .connection .with the subject 
invention may vary, as one skilled in d*e art will recognize upon being placed hi 
possession of the subject disclosure, and may be dependent on seen factors as the 
particular carrier used, the type and Mture of the compound to be delivered, the age, 
weight, cells or patient (animal) to be tneated y the particular diagnostic, therapeutic or 
other application intended (inelsdmg the disease state, if any. to be treated), and the 
organic balide Cif any) used. Generally, smaller amounts of carrier are employed, and 
increased until the desired delivery result is obtained, Representative amounts are set 
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forth' |n the examples herein. Of coarse, M0.es or lower amounts may be employed, 
as wit! be recognised by the skilled ardsaru 

A wide variety of difTefent methods may foe used to mix the organic 
habde, compound to he' delivered, aoWor carrier.* and imfxpotws the compound io be 
delivered with or Into any organic haiide and/or carrier. Methods include shaking by 
hand, vortexing, mechanical stoking (e.g. wish an Espe CapMix, Espe Medkio-Demal 
GMBH, Seefeld, Germaay),: extruder te,g -, with a Lipex Biomembranes Extruder 
Device, Vancouver, B.C., Canada), .mkroemu!sjfeation (e,g. with a Mictofluidizer, 
Mieroiluidks Corp,, Newton, MA), mixing with static in line mixers (Cole-Parmer 
instrument Co., Vernon Bilk, It), spray drying (e.g. with a Bucchi spray dryer, 
BririKrr|asin fast. Inc., Westbury, MA), mechanical stirring/mixing (e.g. with a 
SiiversoB Mixer, Silverson Machines, Ltd., Waterside. Chesham Bucks, England) and 
scsnicstson. In general it is desirable to mix the carrier (eg, lipids such as DBEPC and 
DOPE) together with the organic haikle prior to adding fee compound to be delivered 
(e.g., DMA). After adding tbe DMA, a carrier and organic haiide association will 
form -!K$th the DNA. if desired, additional mixing may then be perfdrrned by one of 
tbe above techniques. In some other ■ situations, e.g. calcium precipitation, the DMA, 
organic haiide, and cations may be added together with one or more stabilizing agents 
to form the precipitates of DNA/carrier/organic haiide in a single step process. Again, 
one of a variety of mixing techniques as described above may be employed to decrease 
the s&e of the resultant particles. 

The carriers may be combined with the compound to be delivered and 
the organic halide in varying amounts and percentages, as will be understood by those 
skilled in the art once armed with tbe present disclosure. Typically, smaller amounts 
of all compositional components are employed, and increased selectively in increments 
until the desired delivery effect te achieved. Generally, when tbe compound to be 
delivered is employed with a carrier, the ratio of organic halide and any carrier to tbe 
compound to he delivered may be from ahdut 6 to about 1 , to about 1 to about 6. and 
variations therebetween. Preferably, the carrier to compound to be delivered ratio is 
about 6 to about I, Representative ratios are provided by tbe examples herein. Of 
course, other ratios can be soltahiy employed over a wide variety of ranges as desired, 



as will be recognised by ihe skiped artisan, and ail sacb radios are within fee scope of 
the present invention. 

The tmuldng composition may be steed as a lyophilized, or freeze 
dried, material for Inhalation or hydration prior to use or as. a preformed suspension, 

5 Ciyopreservaiives known to sMied artisans once armed with the present disclosure 
may fee 'used in the lyophi&ied form of the composition. To prevent agglutination or 
fusion of vesicles as a result of iyopfeiiization, it may be -useful to include additives 
which prevent such fusion or agglutination from occurring. Additives which .may be 
useful include sorbitol, aianrutoi, sodium chloride, glucose, trehalose, 

10 polyvinylpyrrolidone and poly {ethylene glycol) (PEG), for example, PEG polymers 
having a molecular weight of from about 400 to about iQ.OCKX with PEG polymers 
having molecular weights df about ipo, 300O (such as PEG3350) and 5000 being 
preferred. These and other additives are described in the literature, sack as tit die 
U.S. Pharmacopeia, USP XXIX, NFXVII, The United States Pharmacopeia, The 

15 National Fornndary, United States Pharmacopeia! Convention Inc. , 12601 Twinbrooh 
Parkway, Kocitville, MD 20852, the disclosures of which are hereby incorporated 
herein fey reference in their entirety. Lyophiiked -preparations generally have the 
advantage of greater shelf life. As noted above, if desired, the iyophiiixed composition 
may be (and preferably is) rehydrated prior to use, 

g;0 The route of administration varies depending upon the intended 

^application. For cell culture applications, the composition is typically contacted with 
the ceils by, for example, adding M to the cell culture media or applying it directly to 
the cells. Advantages of this invention for transfeetion in cell culture media include 
high activity in serum containing media and a single step transfeetion process with 

25' higher efficiency transfeetion than In other more complicated systems, Indeed, the 
present invention makes it possible to obtain gene expression in ceils in which 
transfeetion was otherwise Impossible or extremely difficult. For in vivo 
administration the composition- may simply be injected, such as intravenously, 
Intravascular!?, IntralyrupMticaUy, pamnterally, suheutaaeonsiy, intramuscularly, 

.30 intranasally, inttareetaEy, teape^toaeally,- .fe&rst&tfy, into the airways via 

nehulper* hyperbartcally, orally^ topically, or intratumofiy, or otherwise administered, 
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Om of more targeting ligands may fee incorporated Into the carrier to 
facilitate uptake by selected cells. Targeting Itgaods meiude, for example, peptides, 
antibodies, antibody fragments, giyeoprotejas, carbohydrates, etc. .Preferably, the 
targeting ligaod is covalently attached to the Carrier, e.g., to i lipid. Preferably the 
targeting ligand is attached to a linker wbkb Is attached to the surface of the carrier. 
Preferred linkers are -polymers-, for example, feiiitrictional PEG having a molecular 
weight of &hmt 1,000 to about 10,000, most preferably 5,000. Generally, the 
targeting Iigand Is Incorporated into the carrier from about 0,1 mole % to about 25 
mole %, preferably about ! mole % to about 10 xisoSe %. 
0 In this regard, the composition may be targeted to coated pits of selected 

cells and taken up Into endosomes via a process; of receptor mediated eudoeytosis. If 
desired ultrasound energy may be applied to the target tissue to facilitate gese 
expression. For inhalation the composition may be inhaled via a nebulhter or via an 
inhaler. Also, oral or rectal routes may be utilized to administer these composition, 
5 Transcutaneous application may be accomplished by the use of penetration enhancing 
agents with or without the application of sonophoresis (e.g. low frequency sound m 
range of 10 to 100 Kki) or iontophoresis. Also interstitial (e.g. mtmtumora!) arid 
subcataneous injection may be performed to administer the composition. 

Also the invention may be practiced with gene gun techniques or 
0 ekerroporation, or in combination with other tracsfection techniques Known in the art. 
In either case, ultrasound may be applied to the ceils before, after, and/or 
simultaneously with the gene gun or electroporation procedure. The electric fields of 
electroporation may also be pulsed in tandem with the tdtrasonnd energy to further 
increase the efficacy of transfeetion. 
s The compounds and compositions may, in accordance with the present 

invention, be administered alone, or together with ultrasound, If ultrasound is 
employed, it is administered at a frequency and energy level sufficient to assist in 
indncing the uptake of the compound to the cell. Where organic halsde gaseous 
precursors are employed, the ultrasound may be applied at a frequency and energy 
. o level sufficient to convert the organic hailde gaseons piecufsor to a gas. For example, 
the present invention of administering compounds to cells includes administering a 
nucleotide sequence (or other compound of interest to be delivered) to a cell and 
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applying ultrasound to the cell lor a time effective to induce the uptake of Ore 
nucleotide sequence. <0r compound). Enhanced delivery of the compound (and 
expression of the nucleotide sequence* Ik tfee esse of nucleotide sequence being 
administered) results. Ultrasound Is earned oat at a frequency, energy level, and duly 
cycle for a therapeutically effective ttee irs m^ieh to induce delivery of the nucleotide 
sequence. Suitable frequencies, energy levels and duty cycles are disclosed herein, and 
other ranges will he readily apparent to one skilled in the art once armed with the 
present disclosure. 

The methods of the present invention .permit the delivery of sequences 
coding for the gene expression of a variety of proteins, -and antisense sequences which 
block .gene expression of a variety of proteins. As a result, a number of diseases may 
be treated with the transaction methods of the present invention. In addition, the 
methods of tnmsfeetion of the., present invention may be practiced in vim, ex vim, and 
in vitro. 

i Administration of a nucleotide sequence by a Microsphere nsifees a 

nucleotide sequence attached to a microsphere in various positions relative to the 
microsphere as set forth above. While not intending to be bound by any particular 
theory or theories of operation, the microsphere approach is believed to rely on the 
fusion of the nucleotide sequence containing microsphere with the plasma membrane of 

> the host celt The nucleotide sequence subsequently traverses the cytoplasm and enters 
the': nucleus. The use of a microsphere results m little toxic effects to the host cell, 
tissue, and the patient (in the case otin viva use). 

Intracellular delivery and /transection in accordance with die methods of" 
the present invention may be performed in vim, ex viva, and in vim, Included within 

5 the above three methods is human gene therapy including wherein cells to be treated 
are excised from a patient. The cells are treated with an appropriate nucleotide 
sequence and transfection with ultrasound is carried out In ceil culture. The traosfocted 
cells are analyzed for gene expression of the appropriate protein. The successfully 
transacted cells, measured by gene expression, are then returned to the body of the 

0 patient. Transfection with ultrasound thereby results In the treatment of diseases by 
gene therapy. Diseases to ^^^t^/witfe^.-pefi^ds- of 8*e present invention include 
and arc not limited to acquired tmmaije. deficiency syndrome, autoimmune diseases. 
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chronic viral Infection, ftembpmha, mnseular dysfroplry* cystic fibrosis, diabetes, 
atherosclerosis, liver cancer, limg cancer, prostate cancer, ovarian cancer, brain 
cancer, ipdpey cancer, -meten»ir«t,.. ncurob&sfeTO, and breast cancer, Many otter 
diseases may, of course, be treated -with the metfeods of the present invention, as mil 
be apparent to the skilled artisan upon reading die present disclosure, and the treatment 
of all such diseases are to be considet^d within the scope of the present- methods - 

The use of heat, for example in the form of ultrasound, lithotripsy shock 
waves, and increased body temperature, in the present invention is useful in aiding the 
delivery of compounds, such as, for example, nucleotide sequences, into ceils for 
therapeutic purposes. The mtmduetion of a nucleotide sequence Into the cell is the 
first step in incorporating the sequence into the genome. Such traasfeefion techniques 
may be useful in conjunction with testing the range of ultrasound frequency useful m 
inducing the delivery of compounds, including nucleotide sequences, to cells. 

Each .of the methods of the present invention include administering all or 
part, of a sense or an antisense sequence for insulin (Giddings arid Carnagip, MM- 
Endocrinol 19911 4: 1363-1369), Bel 2 (Tsojimoto, V , et at, BMS> UM 198$, 
§1:5214-5218), human leukocyte antigen (Iruceo, G. s et at, Diabetes M;lW~ 
1622, thymidine kinase (Axel, R,> ei ah, /. Suprmwi. Struct. 1979, a (Suppi. 3):4i), 
I$tA-B7, Factor Vltl (Higuchi M., mat, Gemmks 1990, 6)65-73.. ras/p53 (Arat, 
H., et al, Md CsU Biol 6:3232-3239, Mitsudomi, T. , et al, Chest 
104:362-365), high density lipoprotein (Ml), ientinmng hormone releasing hormone 
(Maier, G.C., etal.. Ceil Mot Neumbml 1992, 12:447-454) and leutinking hormone 
releasing hormone antagonist, antitumoral agents such as and not limited to insubn-dike 
growth factor- 1 (IGF- J, Barnes, M., et al, Obstemcs and Gynecology. 89:145- 
S 155), anti-IGF-1 (human IGF-i gene fragment from published patent application 
GB2241703 GenBank accession number &2909), snti-k-ras (dog spleen mRNA 212 
•nucleotides GeftB&nk accession number S42999), anii-c-fos (Rattus norveglcus Spr&gue 
Dawiey e~(os gene, 5' flanking region GenBank accession number U02631), 'bcr-abl 
(Barnes, M., er a/,, ObstM® md-Oy^^m.-l^ §9:145-155), c-myc (mouse c- 
0 myc gene, exons 1 and 2 GenBank secession number LO0CB8, 100373, and 100374), e- 
myc promoter (Barnes, M,, er Obstetries and Oymcohgy 1997, $9:145-155), 
erbB-2 promoter (Barnes, M., et al.. Obstetrics- tmd Gynecology 1W, 59:145-155), 
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erbB2 pronutfe^eytosme deaminase (Imiirps c-e?b B2/«eu protein gene , partial cDNA 
(edsO GenBank accession number ^:«S6tkals such as ana not limited to 

ami-human papilloma vims a^humau immonodefeney virus (HIV) seen as 

ffiVesw+rev (HIV type: 1, k>Ia»j.BWB,.«ay gene, C2V3 region, partial cds 
5 GeoBaok accession number (JS319S), tar/Td*rev (HIV type I rev-1 gene, 5' end 

Qem&vfc accession number M3S03 1, synthetic MlVi TAR, 5' ead CkaBank. accession, 
number M27M3), nho^mt, £eta-cMmpanzee receptor and the like, and all m part of 
a sequence encoding cytokines such m : tM : m limited to interieekin 2 (IL-2) (human 
brain MRNA 4.18 nucleotides GenBank accession munber S77S35), i»ierie»Idn 4 (Aral, 

10 N,< et al, J Immunol 1289, 14£:2"?4~2B2), interfeukin 7 (bema« gene, emu i GenBank 
secession number M29048), interleukin 12 (mouse $' flanking region of IL-I2 p35 
gene GenBank accession number I563334X interleukin 4 (human IL-4 gene, complete 
eds GenBank accession member M23442), interleukin 6 (human gene fbr Bucleat factor 
nmt4 GfeaBanfc accession number X52560): gp!30 (UP recwptar/lL-6 receptor 

is complex component MRNA 150 nucleotides GenBank accession number $80479), 
interlenkin 6 receptor, granulocyte macrophage colony stimulating factor (GM-CSF) 
(human GM-CSF gene, I' flanking/promoter region GenBank accession number 
l!31:279)< interferon, including interferon gamma (human Immune IF.N*<y gene, 
c»m|>teie,S# ;<3enBa«k a»e»krt sjnrifw 100219, M3726S> V00536), tumor necrosis 

20 factor beta. (human 5' sequence of TNF-£s gene GenBank accession number 

X5935I)), vascular endothelial growth factor fVBGF), human growth hormone (hGM> 
Bidders, J.C., ei al, Pwc Nail Acad Sei (USA) 1979 76:4294-429$}, colony 
stimulating factor, Factor Vffi, Factor W t Factor X, and the like. Other sequences 
useful in the methods of the present invention include ribozynies including catalytic 

2 5 RNA which may have a. hammerhead secondary structure (Bratty, et a!.., Biochim, 

Biophys. Ada 1993 12/0:343-349 and McKay, D3.>8NA 1996 2:395-403), c-myc, c- 
myh, minor suppressor genes such as and not limited to human tumor antigen p53 (5 ! 
end GenBank accession number M26S64), genes offering chsmoprotection such as and 
not limited to those #acc^^. : ^ltM?ug-.f^*8^ protein. (MDR) (human nidrl gene 

3,0 GenBank accession number X7S06 1), genes for antigen overexpression such as and not 
limited to HLA-B7 (beta 2 miexoglohuBn) {mouse MHG class J HLA-B7 gene, $' 
flanking region GenBank accession M35971)vcarcinoernbryonic antigen (CBA) (human 
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5' region GenBank accession namlser ¥17131), suicide ge^esmreh as arid not limited 
to thymidine kinase (TIC) (jmmm TK. ge^ eocMteg TK and promoter region GeaBank 
accession number M13643), Has, geae complementation genes such as and not limited 
to cystic fibrosis transmembrane coMaemnce regulator (CFTR) (human CFTK gens, 
5 exon 1 Gentak accession .number MI5106 and adenosine deaminase (ADA) 

(human ADA gene, complete ods GeiiBatuc accession number Ml 3792) f 
glueecerebrosidase* IBAF/TIC (human MRMA for IIIAP GenBank accession number 
X5329&), vascular endothelial growth factor (VEGF) (mm muscuius VEGFgene, 
partial cds and promoter region GenBank secession number (Ml 3 83), LDLR (fcumsn 
10 LDL receptor gene fragment GenBank accession number M60949), Paneom Anemia 
Complementation Group C (FACC) (toman f ACC gene., 5' region GenBank accession 
number X83 116), p47~phox (human P4? LEG oncogene MEN A, complete cds 
GeaBank accession number 1103634), Factor IX (human Factor IX gene, exon 3 
GenBank accession number KO2048), a- 1 antitrypsin (human «*-! antitrypsin' gene S 
is variant, complete cds GenBank accession number K02212), a- 1 iduronidase (hbinaa 
iduronidase gene sequence GenBank accession number M 88001), and idnronate 
sulfatase (Ids) (Mas museums Ids MRNA ., complete cds GenBank accession apmber 
0)7921 ), and gene markers such as and not limited to NeoR and Lae£, (bacteriophage 
T4 td gene, exon 2, $ ■ end; OR'FS* complete cds and ORF3, 5' end GenBank accession 
20 number M22627, and cloning vector pZEO (isolate SVLacZ} iFgalaetosidase (lacZ) 
gene, pbleosnycin/xeocin-btndtng protein (ShBie) gene, (complete cds GenBank 
accession number 136850). 

DNA encoding certain proteins may foe used in the treatment of many 
different types of diseases. For example, adenosine -deaminase may be provided to 
25 treat ADA deficiency; tumor necrosis factor and/or ioterleukm-2 may be provided to 
treat advanced cancers; HDL receptor may foe provided to treat licet disease: 
thymidine kinase may foe provided to treat ovarian cancer, brain tumors, or HIV 
infection; IILA-B? may foe provided to treat maligjjant melanoma; interIeukm-2 may be 
provided to treat neuroblastoma, malignant melanoma, or kidney eaneer; interieokin-4 
3 0 may be provided to treat cancer; HIV env may foe provided to treat HIV infection; 
antisense ras/p53 may foe provided to treat long cancer; and Factor VIM may be 
provided to treat Hemophilia B, See, for example^ Thompson, L», Scimce, 3992, 238, 
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744-746, Nucleotide sequences for the above- identified proteins are available in the 
scientific literature, Including and are known u> skilled artisans, 

Irs addition to s eodipg seqaepce or antisense sequence, the nucleotide 
sequence administered to edk : may have additional sequences to assist its fee expression 
5 of the sequence. Suitable expression vectors, promoters, enhancers, and other 

expression control elements are known in the art and may be found in Satnbrook et ah. 
Molecular Cloning: A Laboratory Manual, second edition* Cold Spring Harbor 
laboratory Press, Gold Spring Harbor, NY Promoters such as and not limited 

to SY40, RSV, CMV, cdSk, IL5R a pgk-l, srav TK, and the. like are useful in the 

10 present invention. Transcription and/or transition control elements may be operanvely 
linked to the sequence. For example, in an upstream position, a promoter may be. 
followed by a translation initiation signaL comprising a ribosome binding site and an 
initiation codon, and m a downstream position may be a transcription termination 
signal. The transcription and translation control elements may be I igated in any 

.15. functional combination or order. The transcription and transiadon control elements 
used in any particular embodiment or' the invention will be chosen with, reference to the 
type of dell hito which the expression vector will be- introduced, so that an expression 
system m created, Tbe selection of promoters, enhancers, and other expression control 
elements and the preparation of expression vectors suitable for use in die present 

2Q invention will be well within the ambit of one skilled in the art once armed with the 
present disclosure. Also, introduction of the expression vector incorporating a 
sequence into a host cell can be performed in a variety of ways known in the art. 

Mammalian cells may be primed to he more susceptible to uptake of 
D'NA for gene therapy by the addition of various media, buffers, and chemicals known 

25 to those of skill in the art and set forth in Sambrook, supra. Administration of 
nucleotide sequences in vivo may include, if desired, more than one sequence. For 
example, a single carrier may contain more than one sequence or carriers containing 
different sequences may be coadministered. In addition, one sequence may be 
delivered in a carrier and another naked s^tpence coadministered. Additional 

3 0 sequences, such as promoter sequences, may :be- delivered together with a sequence for 
therapeutic deliver}', to increase expression thereof , For example, a beat shock protein 



nucleic acid senisenee is an example of an upregulating gene sequence which may he 
used to increase expression of a seoond gene mqmmx. 

A wide variety of compounds (in aMssion to genetic .matsria!) may also 
fee delivered to cells in accordance with the methods of the invention. Such other. 
5 compounds include various other feioaetive agents. As used herein, s Moactive agem" 
refers to any substance whfcn may be used m esMectiou with an application that Is 
therapeutic or diagnostic m natnre, such as, for exatople, in methods for diagnosing the 
presence or absence of a disease in a patient or m methods lor the treatment of disease 
In a patient. As used herein s bioactlye agent" refers also to substances which are 
10 capable of exerting a biological effect in mm, in vim and/or ex vim. The bioactive 
agents may fee neutral or positively or negatively charged, etc., as desired. Examples 
of suitable bloactive agents include diagnostic and pharmaceutical agents, including 
drugs, synthetic organic molecules, proteins, peptides, vitamins, steroids, steroid 
analogs ; and also include generic material, including nucleosides, nucleotides and 

is polynucleotides. 

The phrase M|agnos:d> agent", as used hereim refers to any agent which 
may he used in connection with methods |br imaging an internal region of a patient 
attd/or diagnosing the presence or absence of a disease in a patient- EKeniphtry 
diagnostic agents include, for example, contrast agents for use In connection with 
20 ultrasound imaging, magnetic resonance imaging or computed tomography Imaging of 
a patient. Diagnostic agents may also include any other agents useful In faeilitabng 
diagnosis of a disease or btfeer condition In a patient., whether or not imaging 
methodology is employed. 

The terms "pharmaceutical agent" or "drug" , as employed herein, refer 
• 2S to any therapeutic or prophylactic agent which may he used in the treatment {including, 
the prevention, diagnosis, alleviation, or cure) of a malady, affliction, disease or injury 
in a patient, Therapeutically naefoi peptides, polypeptides ami polynucleotides may be 
Included within the meaning of the term pharmaceutical or drug, as are various other 
therapeutically useful organic or Inorganic compounds. 

Particular examples of pharmaceutical agents which may be delivered by 
the methods of the present inv^nhon include, but are set limited to: mitotic inhibitors 
such as the vines alkaloids, iia^dph^a^^^s such as radioactive iodine, phosphorus 
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and cobalt isotopes; honmnm suds as progestins, esitogens and antiestrogeos; anti- 
helminthics, antisiakriais aftd anhiubereutosis drags; hiologicais such as immune sera, 
antitoxms and mtrv&mm; rabies prophylaxis products; bacterial vaccines; vW vaccines; 
aminoglycosides; respiratory pickets s«eh as xanthine derivatives, theophylline and 
5 aminophytline; ihywH therapeutics such as iodine salts and anti-thyroid agents; 

cardiovascular products including chelating agents and mercurial diuretics and cardiac 
glycosides; glucagon; blood products such as parenteral iton. hentin, hematoporphyrins 
and their derivatives; targeting ligands such as peptides, antibodies, and antibody 
fragments; biological response modifiers, such as muramyl dipeptide, muramyl 

10 tripepbde, microbial cell wall components, lymphokmes (e.g. bacteria! endotoxin soph 
as iipopolysaccharide and macrophage activation factor ); snbunits of bacteria (such as 
Mycobacteria and Cornebaaeria); the synthetic dipeptide N-acetyl-muramyi-L-aiarjyi-D- 
tsoghitarnine; antifungal agents such m ketoconMole, nystatin, griseoMvin, flucytosine 
(3-fc), miconazole, and amphotericin B; toxins such as ricm; immimesuppressants such 

IS a$: evclosporins; and antibiotics such as p-iactarn and sulfaseeln; hormones such as 
growth hormonei melanocyte stimulating hormone, estradiol, beeiomethasope: 
dipropionate, betamethasone, hetamemasone acetate, betamethasone sodium phosphate* 
betamethasone disodsum phosphate, betamethasone sodium phosphate, cortisone acetate, 
dexamethasone, dexarnethasone acetate, dexamethasone sodium phosphate, Stmisoiide, 

•20 hydrocortisone, hydrocortisone acetate* hydrocortisone cypionate, hydrocortisone sodium 
phosphate, hydrocortisone sodium succinate, methyl prednisolone, methylprednisoiooe 
acetate, mefhyiprednisolone sodium succinate, paramethasone acetate, prednisolone, 
prednisolone .acetate* prednisolone sodium phosphate, prednisolone tebutate, prednisone, 
triamcinolone, triamcinolone aeetonhle, triamcinolone diseetate, triamcinolone 

25 bexaeetonide, fludrocortisone acetate, oxytocin, and vasopressin, as well as their 
derivatives; vitamins such as cyaaoeohaiamio neiooic acid; retinoids and derivatives 
such as retinol palmhate and ^-tocopherol; peptides aod enzymes such as ntanganese 
superoxide dismutase and dk#tfc£ ffeo^g^sej-.^ti-aiiergens sneh as ameiexanox; ami- 
coagnlation agents such as phepproconmon and heparin; tissue plasminogen activators 

3 0 (TP A), streptokinase, and urokinase; eireukttory drugs such as propranolol; metabolic 
potentiators such as glutathione; antibiotics such as p-atmnosalieyelie acid, isoniaxid, 
capreornycln sulfate cycloserine, ethambutol hydrochloride ethionamide, pyragioamide, 
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rifampin, streptomycin sulfate dapsnne, ehloram^memeol. neomycin, ce&eor, essfadrox.il 
cephalexin, cephadrine eryth?omy cits, clindamycin, iincomyeiu, amoxicillin, amphritlin, 
hacampiclllm, cat^enieiilin, dkloxiclllup eyeiaeiilm, pelp&milHm Nfetad) lift, methieillin, 
nafei'Hte, oxacillin, penicillin {0?ss«i'y}L- $9^{U»\r#sm|si» and tetracycline; aniivirals 

S such as acyclovir, DDL Poscamet, ddovudine, nfeavirin and vidarahine monohydrate; 
antianginals s&ch as diUazera* aifediixine, vempamil, erythritof tetranitrate, isoxorbidc 
dinitrate, nitroglycerin (glyceryl trmitrate) and perstaerythrilo! tetmnitrstc; 
anti Inflammatories: suck as difluisal, Ibupmfm., iudomethacin, oteeiofenamate, mefenamie 
acid, naproxen, oxyphenbntaaone, phenyl hotaxone, pboxieasn, .salmdae, tolmetin, aspirin, 

10 and salicylates; antiprotozoals such as ehloraqnlne, hydroxyehtaraquine, oustranidasols, 
quinine and meglumine antimonate; antirheumatics such as penicillamine; narcotics such 
as paregoric; opiates such as codeine, heroin, methadone, morphine, and opium; e-aydiac 
glycosides such as deslaooside, dighoxm, digoxin, digitalsn. and digitalis; neuromuscular 
blockers such as atracuuum nesylate, gallamine triethiodide, hexstloremom bromide, 

15 i^etrpearine iodide, p&ncurium bromide, succinylchoiine chloride (suxamethonium 

chloride), tnbocuratine chloride and" vecuronium bromide; sedatives such asatnorfcarftah 
smubarbitd sodium, aprobarbital, btaahathitaS sodium, chloral hydrate, etheklnrvynpj, 
ethmamate, flurazepam hydrochloride, glutetrhmide, methotrlniepraxine hydrochloride, 
methypryion. midazolam hydrochloride, paraldehyde, pentobarbital, pentobarbital sodium, 

20 secobarbital sodium, tulbutal, ternazepam and trixolaro; local anesthetics such as 
bupi vacaine hydrochloride, chioroproeaine hydrochloride, etidoeaine hydrochloride. 
Hdocaine hydrochloride, mepivacaine hydrochloride, procaine hydrochloride, and 
tetracaine hydrochloride; general anaesthetics such as droperidol, etaniine hydrochloride, 
raethohsxnal sodium and thiopental sodium; antineoplastic agents such as methotrexate, 

2 5 fluorouracil adrisrnyc in, mitomycin, ansamitomyeio, bleomycin, cystein arabiuosids, 
arabinosy! adenine, mercaptopolyiysine, vk^risiine. busuliam chlorambucil 
amlothymidine, meiphaian (e,g, FAM, L PAM or phenylalanine mustard), 
mercaptopurlnc, mitotan©, procarbazine hydroehloridedactinomycm (acti.no.mycm Dp 
danoruhiein hydrochloride.: dosorohieio hydrochloride, taxol, phcamycin (mitliramyein), 

30 aintnog}utet!«mi^-e^rti^ise-p©^bMe sodium. Omamidc. leuproiide acetate. 

kuprolide acetate, rsBeg^pstace^te; t^xif^'ekj^,; tssk>lafete«e\ trilostaoe, amsaerine 
(m-AMSA). asparaginase, etuposide (¥P-lh), interfemn o-2a, interferon a-2b,temp«shfe 




(VM-26), vmblaslfee sulfate (VLB), vincristine sulfate, .%drOx>anea, procarbaxhie, and 
daearbsudne. 

Although a wide variety of compounds. Including nucleotides, may be 
delivered In accordance with the present hweutiun, preferably the nucleotides are less 
s than about 10,000 leases (or base pairs) in length, more preferably between about 20 to 
about 10,000 bases (or base pairs) fa length;, even more preferably between about 
2,000 and about 8,000. bases (or base pairs) Irs length, and most preferably between 
about 4,000 and 6,000 bases (or base pairs) in length. Omer (non-nueieotide) 
compounds or Moactive agents to be delivered are preferably less than about 5000 

10 kiiodaltons (5000 kD) in molecular weight, more preferably between about 10 and 
about JOQOIdX even more preferably between about 100 and about 500 fc.D. As one 
skilled in the art will recognise, however, larger and smaller sized compounds .may 
also be delivered in accordance with the present invention. 

The useful dosage of nucleotide sequences or other compounds to be 

IS administered or delivered* as well as : the mode of administration, will vary depending 
upon type and nature of the compound to be delivered, the age, weight, cells or patient 
(animal) to be treated, the particular diagnostic, therapeutic, or other application 
intended (including the disease state, if any, to be treated), and the organic halide Cjf 
any) and carrier (if any) employed, Typically, dosage is initiated at lower levels and 

20 may be increased until the desired therapeutic effect is achieved, The desired dosage, 
including any therapeutically or diagnostically effective dosage amounts, will be well 
within the ambit of one skilled In the art, armed with the prevailing medical literature 
and with die present disclosure. Representative amounts are provided in the examples 
herein. Of course, higher or lower amounts may be employed, as mil be recognized 

25 by the skilled artisan. 

As one skilled in the art would recognize, administration of compositions 
of the present Invention may he carried out in various fasbsons, such as intravascular)?, 
inualymphatically, parentefally, sui>eutaneously, intramuscularly, intranasaily, 
sntrarsctaiiy , intraperitoue&iiy, interMtiaHy ^ astotfce airways via nebulizer, 

30 hyperbaricaliy, orally, topically. Or intramrnorly, using a variety of dosage forms, One 
method of topical administration Is the addition of a nucleotide sequence (or other 
compound to be del iwred), preferaufe in a carrier such as and not limited to a 
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hydrogek applied to the outside of a &I!oon catheter. The catheter is inserted into the 
Mood stream of a patient. Once the balloon Of the catheter reaches fee locat ion m 
which the sequence is to be administered,, the balloon is pumped up and the sequence-- 
.coatairang hydroge'l adheres to the blood vessel snTfaee thus delivering the sequence. 
5 in addition, ultrasound may be applied to the cells endoseopscally and intra vascularis, 
for example, as wed as, of come* applied externally. 

A number of transaction and other intracellular delivery techniques are 
possible id accordance with the methods of the present invention employing the subject 
methods and the organic italides and/or carriers as disclosed herein. Two methods > 
0 using calcium phosphate and viral vectors, are indirect methods of introducing the 
nucleotide sequence into cells 'because they involve the passive uptake of the nucleotide 
sequence by the cell which is to be tnansfected. 

Calcium phosphate coprecipiMfOn is a chemical-mediated indirect 
method s$ tmtsfectioa. The nucleotide sequence {or other compound to be 
■5 administered) is introduced into mammalian cells, for example, by copieoipitation of 
the sequence with calcium phosphate, calcium chloride, calcium hydroxybutarate, and 
the like; then the mixture is presented to the cells. The purified nucleotide sequence is 
mixed with buffers containing phosphate and calcium chloride which results in the 
fertnatson of a very fine precipitate, and the mixture Is presented to the cells in culture, 
20 A propco! for cells that grow attached to a substratum as set forth in Keown, W. A,, 
0 'Methods' for Introducing DMA into Mammalian Ceils, K in Methods in 
Bnzynwi&gy, Vol 135. Gem Bxpremm Technology , Ed., Goeddel, David V., pp. 
527-537, Academic Press, Inc., New York, New York, im k incorporated herein by 
reference in its entirety, Briefly, on day 1, cells are seeded at 14 X W celis/cnr In 
25 norma! growth medium and allowed to attach. At the time of transacting, the ceils 
should he 80-90% confluent. On day 2, the nucleotide sequence -calckun phosphate 
copreciptate is prepared, mixed and allowed to stand at room temperature for about 30 
minutes, The nucleotide semtence is added to IE buffer (10 mM tris, 1 mM EDTA 
Ph 8,0), ZX HBAS (Hanks' balanced slats , i ,4 mM: Na ? HFO, s , 10 mM KQ« 12 mM 
3 0 glucose, 275 mM NaCk and 48 mM HEPES, ph 6,95), and 2M €aCk (calcium 
chloride in 10 mM IIEPBS, pW 5.8). The medium k removed from the cells and 
replaced with fresh medium, The precipitate is mixed gently by shaking or pipetting 
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and added directly to the m&jfcm M Mshm mnimmng cells. The cells are me»Mted at 
37 * G for 4 hours. The medians eoitolning the precipitate p removed and dimethyl 
sulfoxide in I X HBS. After 2 minutes, 4 ml of semm-free medium is added to each 
dish. The mixture is aspirated, washed twice with sentm-free medium., and medium |s 
added and meabated overnight at 3'?* €, The cells are frypsiaized and me contents of 
each plate is split into 3-4 new plates, Selection may be applied for stable 
traosfectants, in which selective medium may he used at this time or a day later. 

The present invention employing the methods of the invention and the 
organic halides and/or carriers may also he useful concurrently with microinjection and 
eleotroporation. Microinjection involves the direct microinjection of nucleotide 
sequences into the nucleus of a host cell Microinjection does not expose the 
nucleotide sequence to the cytoplasm or organelles within it, This is beneficial since 
considerable damage may result t«s the BNA during vtm&'>ftim-Qfb cell exterior to the 
nocleosv Eiecttoporation involves electric field-mediated nucleotide sequence 
trausleeiion. When membranes are subjected to an electric; field of sufficiently high 
voltage, regions of the membrane undergo a reversible breakdown, resulting m the 
formation of pores large enough to permit the passage of nucleotide sequences, 
Electtoporated nucleotide sequences remain free In the cytosol and nucleoplasm. Very 
few copies of transfected nucleotide sequences may he introduced, with eleetroperation. 
Cells susceptible to electroporatiou imdude* for eaample, lymphocytes, hematopoietic 
stern cells, and rat hepatoma cells, 

"Ultrasound", ''Sotasporation"*", and similar terms, refer to pulses of 
sound energy, preferably repetitive pulses, sufficient to assist in inducing the delivery* 
of a compound into a cell, and. If desired, the formation of a gas from a: gaseous 
precursor. Preferably, the ultrasound is in the frequency range of from about 10 
feilonertz to less than about 36 megahertz and at an energy level of from about 200 
milliwatts/err to about 10 watts/em* While tint intending to be bound, to any 
particular theory of operation, the ultrasound may assist in the delivery of the 
compounds to the cells- S$: : fcKhjeing: ©peiuags- ite the ceil membrane, or perhaps bursting 
eudosornes inside a cell allowing: compounds to escape, Indeed, cells may be induced 
to take up (e g., be transfeefed wittt)' oOTp^tkfe^e.f., nucleotide sequences) with ease 
compared to conventional methods. Typically the ultrasound is applied by external 
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application, via a standard elMc&t ultrasound device, bat may also be applied m other 
fashions, such as- eudoxcopicially and mtra'vascu|8rly > as described above. The use of 
ultrasound m coamscaon with the present Mv«htio*j may, in certain embodiments, he 
preferred. However, as noted herein, the use of uitrasiiai^d is not necessary or critical 
to the operation of the methods of the inycoono. Thus, the subject methods may be 
carried out with the application of uitr«sw«d, or without the application of ultrasound, 
as desired.. 

In accordance with the present invention* to? in vivo applications, a 
lower frequency of sound k usually selected for cells of deep seated or thick tissues, 
e,g, transcutaneous application of ultrasound to cells of the deep seated muscle -or 
organs in the abdomen or retropefiteaeum. For cells of small tissues & higher 
frequency of sound energy is applied, for the eye. For intravascular applications, 
which may employ intravascular catheters equipped with ultrasound transducers .for 
endovascplar gene therapy , higher frequencies may be employed such as over about 20 
megahertz, For most applications however the frequency of the sound ranges from 
about S00 kiioherds to about 3 megahertz, preferably from about 500 kilohem to ahoht 
1 megahertz, more preferably about 200 kllohertz, more preferably about 40 kuphertz 
to about 25 megahertz, even more preferably about 10 megahertz, Cotnpared to 
lithotripsy, the frequency employed is the present invention is more than about 2 or 3 
orders'- of magnitude higher and the energy levels of the present- invention are lower 

The sound energy Is applied in waves of sonic energy over a given duty 
cycle (sometimes referred to as pulse duration) and level of intensify . Generally 
continuous wave ultrasound which applies a constant train of ultrasound poises is 
employed. The doty cycle is selected so that the level of energy output is in a desired 
range. The duty cycle may he varied from between ! % and 100% meaning that the 
ultrasound energy will be pulsing from between 1% and 100% of the tune. For 
example, a period of ultrasound treatmem may take place over 25 minutes with three 
duty cycles or ultrasound, each five minutes in duration, interrupted by two persons of 
no ultrasound. Preferably the duty cycle is 100% , more preferably about 75 %, more 
0 preferably about ,50S,. even more pre^rahiy about 20%, even more preferably shout 
15%, and even more preferably about W%- 



wo mmn rmmmmts? 

Ultrasound for use in the present iovePfiou is typically provided at a 
frequency lower than fee frequency used for Imaging fey ultpsotiud. The frequency of 
ultrasound wMch- is select will vary sfepeiKifrig ppon the location of cells which &m 
being transfeeted, anil or other factors that will fee readily apparent to one skilled in the 
5 art based upon the present disclosure^ 

In addition toire^peiscy, the energy level (sometimes referred to as 
power intensity m power level) also Ms a large effect on total energy which is applied 
to the cells or tissue for ultrasound enhanced transfeetkiu. Suitable energy levels will 
he readily apparent to one skilled in the art based upon the present disclosure. 

10 Typically, the energy level settings are somewhat higher chain employed In diagnostic 
ultrasound hut may range from about 500 milliwatts/em 2 to about 10 watts/em* more 
preferably from shout 200 milliwatts/cm* to about 10 mdUwatts/cnr, and mot® 
preferably of from about 50 milliwatts/cur to about 2 watts/cur. The power level 
which Is applied is selected so that both peak spatial temporal power and total energy 

IS deposition Is generally below the cytotoxic threshold for the ceils or tissue. Cknerally, 
frequencies and energy levels are applied at lower amounts, then increased until the 
desired cellular uptake of the administered compound is achieved. 

As one skilled in the art would recognize, high energies of ultrasound 
may he used for hyperthermia to heat the tissue and also to directly ablate tissues with 

SO very high levels of energy . la the ultrasound enhanced transfection and gene 

expression of the present invention, energy levels are far below those which cause 
tissue ablation and below those which cause a significant hyperthermic effect. As one 
skilled in the art would recognize once armed with the present disclosure, energy 
deposition is a function of both power intensity and duty cycle. Higher spatial peak 

2S temporal average power tends to -shift the bioeffeet curve such that lower total energy 
may be applied to create a greater bieefieet. Higher energy levels and lower ultrasonic 
frequencies are required for penetration into deep seated tissues; conversely lower 
energy levels and higher ultrasonic frequencies are needed for treatment of superficial 
tissues or when the ultrasound transducer can he applied directly to the tissue surface, 

3 0 Small volume cell culture samples need less power for ultrasound enhanced transfection 
than large volume bioreaetor chambers which may he multiple liters in size and 



wo vimm vcmmimisi 

• Sil - 

therefore need higher energy levels to enhance gene expression. The geometry of a 
cell culture container will a&9:'Stfect tl^"iiJ|H^c**W..sfa^^'- -requirements. 

In accordance with the present invention, ultrasound energy may be used 
to increase the efficiency of cellular uptake of a eompoend (e,g, translation), by 
5 inducing a cell to take up a eom|xmM. to atldMom gene expression of a nucleotide 
sequence is enhanced by the sppHeatton of nltrasousd. 

The aStrasnuad. energy my be applied to the tissue or cells either before, 
simultaneously with, or 'after administration of the compound to the cell, preferably 
simultaneously with or after. Typically the ukrasound energy is applied front no more 
10 than about 48 hours prior to administration of the compound or genetic material' to the 
cells and/or up to no more than about 4§ hours after the genetic material has. been 
administered to the cell, although longer or shorter times may be applied. More 
preferably, the ultrasound energy is applied at some time or at various time points 
from about 4 hours before administration of the compound or genetic material up to 
15 about 24 hours after administration. Most preferably the ultrasound energy Is applied 
within about I hour prior to traasfeetion np to about 13 hours post transection. 

Either one or mnitipie applications of ultrasound energy may be 
employed. The duration of ultrasound energy exposure (exposure time) will vary 
depending upon the power level of the ultrasound and the duty cycle. To determine 
26 die preferable duration, ultrasound is typically applied at lower exposure times, and 
increased until the desired cellular uptake of the compound administered is achieved. 
A high intensity (high power level; -typically greater than about 2 watts/cm* , preferably 
over about .5 watts/ern\ and also preferably over about W watts/em 2 , depending on the 
pulse duration) ultrasound shock wave may require only a few milliseconds of 
25 exposure. This may also he the case when cavitation nuclei such as gas filled 

liposomes or perficorocarhon emulsions are present within the medium. A very brief 
exposure to high energy ultrasound may be sufficient to enhance transaction. The 
presence of cavitation nociei in the transfection medium will lower the cavitation 
threshold and therefore potentially decrease energy requirements for ultrasound 
3 o enhanced transaction: as well as to potentially decrease the necessary exposure time . 
More typically the exposure time ranges from about a few seconds to up to about an 
hour of u\tmsm& mm m®*®>« * *° ***** ^effective ultrasound 
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enhanced gene trausfection, Eyw more pretebfy the duration of ultrasound exposure 
ranges; from about a few seconds to about a few minutes and may be repealed at 
various intervals during traisfeetion, %e dm^timj of aitfasounsl energy exposure 
should be sufficient to cause the desired effect but not so long tfc# significant 
5 cytotoxicity may result,: 

The effect of ultrasound enhanced traasfectfoa is independent of 
hyperthermia. While the application of ultrasound energy necessary to increase the 
efficiency of traosfeciiou may result in a few degrees centigrade increase in 
temperature, any increase in mmperatum is typically transient and the temperature 
10 rapidly temrns to baseline. More, preferably ••;#«> temperature, does not increase 
significantly during application of the ultrasound. An increase in temperature-: is 
typically less than about 1° C to about 2° C Progressively higher levels of uHrasound 
energy mil result m progressive rises in iempetamte but temperature is preferably 
maintained below the level where significant cytotoxicity will occur (e.g. 44* C m 

1 S higher). As one may note, the sample measures the temperature in a solution of 

normal saline when exposed to ultrasound. The applied energy is 1:0 watts imparted 
tiirongh a 3>Q cm* transducer, or 2 W cm f . Sound energy from, the ultrasound 
transduces' may be simply converted to thermal energy in the aqueous milieu. The 
amount of energy -and/or the time of exposure may fee modified so as to prevent 
20 tetnpemtnre-indheed cell destruction. 

The ultrasound energy may be applied with any of a variety of 
conimereiaUy available ultrasound systems. For example a Rich-Mar model 25 
ultrasonic therapy apparatus (IGcfe-Mar Corporation, Inoia, Oklahoma} with the center 
frequency residing at. approximately LOMhz, in pulsed or continuous mode, may; he 

2 5 used to practice the invention. Conventionally available transducers, power amplifiers 

and other component systems for practicing the invention can also he readily 
assembled. Wave synthesisers and pursers may also he incorporated into the system to 
allow control over the pulse mpetition internals, duty cycles, etc. Advantageously, 
these components can also be used to modify the ultrasound pulses to employ varying 
•30 frequency and amplitude effects such as CHIRP (Increasing in frequency) and PRIGM 
pulses (deereasmg in fequency} waveform patterns, Ultrasonic energies can also he 
supplied from commejetafiy .aya;aa^fe,^npMs> -.kansdoeers and frequency generators. 
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By way of example, $ p0w®:$as8&mi with a center frequency of 1.0 Mhx from 
Yalpey-Pishsr {yalpey-Fisher, HopkintOn, Wm>% % power KF amplifier frqm EN! 
(£N1> Rochester, New York), and a function geserator from Hewlett Packard (Hewlett 
Packard,. Sunnyvale, Calif.) may be a sihtabie setup to accomplish the above goals, 
5 Alternatively, a pulse/function generator or an arbitrary function generator may also be 
used to accomplish variable poise formats. .In. addition, methods that would allow for 
gating the various signals together, cmH ■■i&xxxhMj be accomplished. 

The high energy ultrasound system may also be. incorporated with 
ultrasound imaging such as described in U.S. patent application U.S. Serial No. 
c 08/468,052, filed lone 6» 1995, and the disclosures of which are hereby incorporated 
herein by reference in their entirely. Also application of high energy ultrasound may 
be performed under other forms of conventional imaging such as endoscopy (e.g. 
fiberoptic), computed tomography, magnetic resonance imaging, angiography, and 
nuclear medicine. Such imaging may he employed, for example, to locate and Identify 
5 hi '4 patient the cells to which the ultrasound induced for other) heating should be 
applied, or used to follow and/or locate the composition of the invemlon after 
administration to a patient. 

The ultrasound may be applied so as to effectively create second 
harmonic superimnositlon on the target 'treatment zone of tissue to increase the 
0 effectiveness of tramfectson. For example, a prototype sector- vortex phased array 
transducer, depicted In Figure 5, 120 mm in diameter, which generates 750 kHz and 
1 .5 MHz ultrasound may be employed. As described in the reference by $t, Kawabata 
anxf s. Ifmemura, Ulirasmics Sonochemistry 19%. 3:1-5, a transducer may he 
constructed with 3:2 piezoelectric (PZT) transducer elements from lead zsreonate FZT 
s material, The transducer may be constructed in two tracks such that there are io 
sectors in each track. The lower tmquency ultrasound could he applied from the outer 
track and the higher f regency, 1,5 MH$, from the inner track. A shell may he 
constructed with a 120 mm radius of enrvamre ipr geometric focusing. The beam 
profile pro vided by the piezoelectric elements and spherical shape of the transducer ce 
0 assembly can he designed so as to superimpose the focal zones of the two different 
frequencies of ultrasound. This may result in focal acoustic power with 
superimposition of tm im^ fm^mm and higher frequency ultrasound sources. This 
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results effectively in second hannonie swpenmfjosMon of the ultrasound signal. While 
not intending to be bound by any particular mebry of oferahou, It is believed that this 
u!(m^ou«d assembly will afiow. f^-im^v^/tmB^feete- efficiency at lower total 
amounts of energy asd thus result in rssteing damage m the celt 
5 Skilled artisans would : ireeoghke, once armed with the present 

disclosure, that the two ultraspiitid energy sources amy be at other frequencies such 
that the first source (low frequency) is one half the frequency of the second source. 
For example, 500 kHz ia the outer assembly and I MBz in the inner assembly may be 
employed. A range of different frequencies may be selected such that the outer 

10 assembly k IX sad the inner assembly Is 2X, Alternatively, the assemblies may he 
designed such that the higher frequency Is m the outer assembly sM the lower 
frequency is ia the inner assembly. Alternatively still, odd harmonics may be Utilised 
such thai the outer and inner tracks may be represented by X and 3X freqaeneies or X 
arid SX frequencies. The second harmonic, ultraharmome, or suhharrnome frequencies 

15 are superimposed at the focal zone which is directed towards the target tissues or cells 
to be transected . Thus, ultrasound may be administered simtdtaneonsiy at two or 
mare frequencies to result In s«r«riraposition of ultrasonic frequencies, Including and 
not limited to second harmonic frequencies. 

The present mvenboiv is also directed to a pharmaceutical kit which 

.20 comprises a compound to be delivered, ahorgatuc hahde and/or a carrier (including 
combinations thereof) for use to those desirous of delivering to a cell a compound. 
The compound, organic halide, and/or earner may be mixed together or separately 
provided (as in, for example, separate containers, such as separate vials or packets). 
The pharmaceutical kit may bather comprise conventional kit components known to 

25 those skilled in the art once armed wim the present disclosure, such as, -mixing vials, 
syringes, gauze > etc. 

The invmk>R'4$' , '&f^«ii ,; '^emat}strated in the following actual Examples 
1-3, 10-19, and 23, and prophetic Examples 4-9. and 20-22, The examples, however, 
are not intended to in any way limit the scope of the present invention, 
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Example !: Effect of Uftrssonoif en the Temperature of an Aq«eo«s~Base$ 
Mediam in Caitare Hate Well ftenttosus m4 m Cell Viability 

The first ptee of «valuati»| t&e effect of ultrasound was to measure the 

5 amount of heating caused. by the ultrasound energy. The. experimental protocol was 

designed to evaluate the heating Irs an individual well of a 6 well culture plate while 

exposed to 'ultrasound* Ultrasound was applied for 30 seconds to each well and the 

relationship between energy and heating is' shown in Table 2 below.. 



fable 2 



1 w/cm* 

2 W/cnr 



increase iempemttre increase 
at 10% Duty €0$ at 100% Duty Cycle. 



O.5 0 C 



ixW' 

2.9 9 C 



A follow-up experiment was carried out to assay the cell viability after 
ultrasound exposure. A cell proliferation kit using .sodium 3MMpheay!amuiO" 
carbonyl)3,44etrazohnra]-bss C4-rneihoxy-€~uhro)henj:ene sulfonic acid hydrate (XIT, 
Boehringer-Msnrxheim, Indianapolis, lnd>) as the ..cell viability indicator was carried out 
to evaluate whether cell damage had occurred. In 'this, experiment, higher absorbanee 
is due to viable cells causing uptake of XTT. Table 3 contains the results from this 



Table 3 



Cell Viability as a Fosctio» of tlltmwmd Power input 



T?5oi«Su 


Mean abso&ance 


Sjmaard Deviation 


No Ultras 


-mnd 


7.83 


0.4 f 


0.5 W/cm' 


i0% Duty Cycle 


7.83 


0.41 


0.3 W/ctsr 


IJety Cycle 


7.8.3 


0.4 j 


! W/eor IC 


% Duty Cycle 


| 


0 75 


! W/osr It 


0% Out* Cyck 


a.oo 


1.41 
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1.5 W/fcjn* 10% 


Duty Cycle j 


7.6? 




L,S W/ftttr JOO' 


S Duty Cyds 1 


1 85 


CM 


2 W/em s Ki% f 


>>.«>' Cycle 




0.75 


2 W/ctTf 3 Ksd% 


Duly Cycle j 


km 


035 



As the data is Table 3 sfeows, the Srst r^leeafele change In cell viability 
occurs with an energy of i W/grf ansl a 100% Duty Cycle. At higher energies with a 
100% ditty cycle a significantly larger iiumte of cells are destroyed . 



Example 2t Effect of infrasound m Sent; Expression sn Cell Culture 

Materia ls, ^nd Methods for Transfecuon and Measurement o f Gene Expm&stoB 

The DNA plasmki used was pCAT Control (denBank accession number 
X65321) (Prornega, Madison, WI) (see Figure 3), 

The piasntid was transformed into DHS-ce Escherichia- tei'i competent 
cells (Life Technologies, Gaithersburg, MB). The cells were plated On LB agar piim 
(Bio 101 , Vista, CAT that contained ampieilihi (Boehrioger Mannheim SiocherMeals 
(BMB), indianapoiis, IN), Resistant colonies were selected, grown tip and a Wizard 
mint-prep (Prornega} pl&smid DM A extraction was carried out Plasmid ON A was cut 
with restriction erayme EcoRI (8MB) and run on a I % agarose gel (BMB). After 
•firagfiaesfir w^evaluausd- for -.size,; -remaining culture was used to start a large 
culture and a Wizard maxi-prep was carried out to produce DNA for tmnsfoePon The 
DNA was quantified using a Heeler T&O-100 mbi-DNA fiuorometer. The DNA was 
then ready for use in transfectk>ns> 

Cationic liposomes were made by mixing dipahnitoy! 
eihylphosphochohne and dioleolyl phosphoethanolanriae (Avami Polar Lipids 
Alabaster, At). The lipid mixture was ^suspended in water and then sonicated to 
» form small liposomes, 

A human cervical cancer cell line (Beta) was obtained front the 
American Type Culture Collection (EneliviHe, .MD) and grown in EMEM culture 
media (Mediaieeh, Washington, D.C.) suj^lernented with calf serum (Life 
Technologies). These ceils were used hi me transactions, 

The DNA/%td .eessplex. was-ismi^-in HEPBS buffered saline (HEPES 
20 mffit*! NaCL 150 rnraobi, pH 74} {Sigma, St Louis, MO) by mixing the lipid 
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and DNA at a ratio of 6 paits IspM to oris part BHA, This was incubated for 30 
minutes, at mom temperature (and then used for umsfss&wn. 

The ..pCAT cda&ol plasrnid encodes for the enagrate chloramphenicol 
acetyl transferase. (CAT). TMs enzyme is not foard m mammalian systems. The CAT 
5 expression is assayed using a CAT ELISA Ml (EMS). This non-radioactive kit allows 
for sensitive detection of CAT expression. The kit is based on a sandwich of 
antibodies. A 96 well plate is coated with anti-CAT, this antibody binds the CAT in 
the sample. The next antibody is the amlCAT-digoxigenin, digoxigenin is a 'hapten... 
found only In the digitalis plant. The rarity of mis compound makes it ideal for non- 

10 radioactive labelling. The next antibody added is an anti-dtgoxigenm that has been 
labelled with horseradish peroxidase* Horseradish peroxidase breaks down a substrate 
and causes a color reaction which is then read with an S.LT Spectra Shell piste reader 
.(StT-Ubinstramems Oes.m.h.h;, Croedi^Sakburg, Austria). Using -a standard, 
curve, this plate reader allows for measurement of protein concentration. 

IS Protocol 

The DNA complex Was formed and added at a concentration of 36 p$ of 
lipid and 5 m of DBA per well in a 6 well plate containing HeLs ceils in 4 mis Of 
EMEM, A Rich-Mar -.model 25 therapeutic ultrasound machine (Rich- Mar 
Corporation, inola, OK) was used to apply ultrasound to the wells of the 6 well plate. 

20 The ultrasound was applied either 30 minutes before the DNA/hpid complex was 
added, .1 hour after the complex was added or 4 hours after the complex was added. 
In the first experiment, a standoff pad was used that covered the entire base of the 6 
well plate and allowed sound to conduct from one well to another. The power setting 
was 0.5 w/cm 2 with a 10 % duty cycle. 

25 Three conditions were tested. No ultrasound, ultrasound applied 30 

minutes before the txansfectlon and ultrasound applied 1 hoar after the transCeetsoo. 

The results set forth in Table 4 are from a transfechon with a 1:1 mix of 
dipalmUoyiethyphosphcchoHrje and dmfeoy! phosphoethanolamine (Avarm Polar Lipids, 
Alabaster, AL) , The tf ansfection was carried out in the presence, of serum . In 

30 addition, a negative control was added which included cells grown up not transfected 
with the 1:1 mix of tf^ImHdfletft^ho^teboIim- and dioleoyl phpsphoethanolamlne 
and without, uhrasound treatment. 
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T&bie 4 

Q**a»tiflcati<»i of CSene f &pressloa la C ells Expose to lHtraso»»4 



Treatment \ 


Cm expression m%/ml) 


~m$Sh\'C control 


0 


5 .no ultrasound 1 


1 15.876 


'Ultrasound 




30 1 pretreatment 


| 20,529 


Ultrasound 1 hoar 


| 43.794 


post treatment 





3 0 This experiment was repeated with a standoff pad designed to isolate the 

wells from each other, see Figure I and Figure 4. The base of a 6 well plate was cot 
away to allow transducer access and a -second 6 well plate was inverted above it. 2% 
agarose was poured o»to this Moid to form a standoff pad. The standoll pad was 
constructed to allow for open (dead m). spaces between the portions of the standoff pad 

1 s that contacted the 6 wed plate, such that each wed was raised above the standoff pad". 

on a vertical support with open spaces under each of the wells where the standoiT pad 
was cat away, The vertical supports were made of 2% agarose arid conducted the 
sound from the nUmsound transducer. The transducer was placed below the standoff 
pad and sound was projected up through the pad into the each of the wells of the 6 

2 0 wed plate- The 6 well plate was placed uptight on the standoff pad such that the ceils 

on the bottom of the wed were close to the transducer. In both experiments, the 
expression of the CAT protein was measured by CAT EL1SA after 48 hours of 
incubation. Ultrasound was applied at 1 W/em 3 and 100% duty cycle. The ultrasound 
was applied for 30 seconds on each weiL 
2$ The same transfectioo. reagent was used asm the first example. The test 

conditions were no ultrasound, 30 mmme^ hefofe transaction, 1 hour after trarxsfecuon 
and. 4 hours post transaction. Again the tiansfecUon was carried out m the presence 
of serum In addition., a negative eontrol Was added which included cells grown op not 
transacted with CAT/hrnd complex and without ultrasound Matmeut. The results are 

3 0 shown in Table 5.. 



Tables 



Treatment [ Cai expmmn (ng/ml) 

liigIHviToi5rol [XT " 



m ultrasound I 5.339 



s Ultrasound 
30' pretreatn3ent 

Ultrasound 1 hour post 
treatment 

Ultrasound 4 hours post 
1 0 treatment 



5,339 



10.078 



4.988 



Example 3: Application Using I>NA *tih a Lfpiti Carrier and a Catftator 

The cells and the DNA/lipkl complex were prepared as in Example 2. 
Six well plates were seeded with Hela cells and filled with 16 nil of media as hv 
Example 2, The lipid added was increased to 135 «g to allow for the increase in 

IB volume and the DMA was also Increased to 22,5 iig per well, One hour after tile 
complex was added , 100 $ 61 & liposome comprised of the lipids 
dipaimkoylphosphatyylchoiine (DPPC), dipalmitoyiphosphatidyktharsoiamme coupled 
to polyethylene glycol 5000 <DPPE-PEG5000}, and dipahnhoyf phosphatide acid 
<DPPA), in a ratio of about 82%: 8%: 10% (mole %} was added to each well. The 

20 DPPE-PEGS0OO was comprised of f>PPE and PEG5000 in a ratio of about 20%: 80.% 
(weight %}. PEG5000 refers to PEG having art average .molecular weight of about 
5000, In addition, a negative control was added which included cells grown up not 
transfected with CAT/lipid complex and wlthoat ultrasound treatment. 

The six well plate was then covered with a sheet of parafllm to prevent 

2 5 leakage, the lid was replaced and the plate was inverted. By inverting the plate, the 
gas filled liposomes (cavitator) were allowed to float up to the cells, now on top of the 
standoff pad, plate construeh The utesonnd was applied from the bottom, however, 
in this ease, the sound was propagated through the media to the cells. After the 
ultrasound exposure the plates were returned to an upright position and the paratnm 
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removed. The places were then incubated tor 4 noons and the CAT BIMA performed 
the results of which are set forth in Table 6, 



Table 6 

5 Treatment .€af:fexpt^km fri^/mf 

Negative control 0 
No ultrasound 4.584 
0,5 w/cmV3S% duty cycle #434 
0.3 w/cttf/100% duty cyete 19.910 

0 i W/cnr7i00% dnty cycle 9.811 



Example .4: Industrial Applications of Ultrasound Enhanced Tra«sf0ctt«H8 

A- targe scale. hioseaetor vessel containing a free suspension of cells is 
equipped with a flow through chamber housing m ultrasound transducer- Plasmid 
DMA containing the gene of interest is gddgd to the cell suspension with and without 
5 M organic haiide. As the ceils circulate through the chamber 500 kilohett?, ultrasound 
is applied with * 10 percent duty cycle at an energy level of 200 milliwatts per cm 5 . 
Enhanced gene expression is attained, both with and. without the organic hahde. By 
varying the rate of flow of the cell suspension through the flow through chamber the 
proper ultrasound exposure time is attained for optimal transaction efficiency. 

o Example 5; Ex ¥m Infeaucemeat of C?cne Expression In Human Ceils 

Plasmapheresis Is used to harvest the T cells of a patient with metastatic 
malignant melanoma. The T ceils are placed in tissue culture and incubated with 
granulocyte macrophage oniony stimulating factor iGMCSF) to increase multiplication 
of the lymphocytes. After sufficient ceil densities have been achieved the gene for 
S interleokin-2 (SL-2) is added to the cells with a catkmic liposomal vector, with and 
without an organic haiide> One hour later I megahertz ultrasound: energy is applied: at 
a power level of 0,5 watts with a 10 % dMy cycle for a duration of 5 minutes. 
Twenty-tour hours later the ceils are Infused back Into the patient in an effort to treat 
the metastatic tumors. Promising results in the form of a perceptible decrease in tumor 
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mass- are observed, both with audi, with&at; tfeg.-otgaak?. .bsHde,. Additional testing also 
reveals ehbabeed 1L-2 expression to the treated cells. 



Example &t Tfeerapeuitc Applications af Mimmumt Mediated Gene Delivery; 
iltaebetme's Miiscuiar Dystrophy 

In a pattern with Buchenne's- Muscular Dystrophy piasmid DMA 

encoding- the gene for dystrophin is injected at; multiple sites into the muscles of the 

thighs ami legs, with and without an organic? haHde. Ultrasound i$ then applied to the 

thighs and legs using silicon gel as couplant between the transducer and the pattern's 

skirt The frequency Is 200 kilbhertz with a 10 % duty cycle and -a power level of J 

watt> The transducer remains foe about 2 to 3 minutes: over any one location on the 

skin, Enhanced expression for the gene for dystrophin is attained resulting in increased 

muscle strength, both with and without the organic haiide. 

Example 7; Therapentk .4ppBe»tk*ns of Ultrasound Mediated Gene Delivery; 
Atherosclerotic Heart Disease 

A patient with atherosclerotic disease has marked narrowing of the left 

anterior coronary artery. A balloon angioplasty catheter coated with a hydrpgei 

material binding the gene for vascular endothelial growth factor (VEOFJ> both with and 

without an organic haiide, is placed at tine she of arterial stenosis and the balloon ss 

inflated to a pressure of 9 atmospheres. An eodovaseular ultrasound catheter is placed 

0 inside, the vessel at the region where the angioplasty was performed and oltrasotmd 

energy is applied. The frequency is 20 megahem at I watt per cm 2 with 15 % duty 

cycle for 3 minutes. Enhanced gene, expression of V'EGP is observed with diminished 

propensity to restenosis at the angioplasty site, both with and without the organic 

haiide, 

S Example 8: Therapeutic Applications of ultrasound mediated Gene Delivery 

Similarly to Example 7 angioplasty is performed in a patient using a 
balloon catheter coated with the gene for and with sod without an organic 

haiide, but in this ease the tdtrasound energy is applied transcutaneous!)'' with a I 
megahertz focused transdaeer equipped with both imaging and therapeutic elements, 

0 The therapeutic t megahertz sound is applied at an energy level of 500 mUUwatts/cm 2 
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using a 20 % doty cycle for a period pf 5 miMtes, The energy is focused upon the 
angioplasty site. Again ejshs^ced VBGF gene expression is observed aad decreased 
propensity to restenosis, both with and wpioat the organic halide. 

Example 9; Tfeerapentk Applicatfoiss of XTIimsonnd Mediated Qtw Delivery 
5 Colonoscopy is performed In a patient with genetic predisposition to 

colon cancer .. A region of eplthelkl tnetaplasia is identified in the descending colon. 
An ultrasound transducer equipped with a semipermeable membrane and drug storage 
reservoir containing the gene for Bel 2 .with a liposomal -vector, both with a«d whhOOt 
an organic halide, is pMhioped over the area of epithelial metaplasia and uiimsonnd 

10 energy is applied at a frequency of 500 fciJohettz with an energy- level of 500 

m;Miwatts/cm 2 and 10% duty cycle for a period of 3 to 5 minutes, to deliver the Bel 2 
gens to the cells in the region. On follow-up colonoscopy 8 weeks later the eppefiai 
metaplasia has decreased significantly, particularly where an organic halide is 
employed in the administration process, Further testing reveals enhanced Bel 2 

IB expression in the region, both with and without the organic haiide employed in the 
delivery process. 

Example life Trassteefkm Efficiency of PPEPC/DOFE With and Without Organic 
Hsdldes 

Bipalinito;v!ethylphosphc<d?osine (DPEPC) (Avanti Polar Lipids, 
20 Alabaster, AL} was mixed with diojeoylphosphaodylerhanolarnine (DOPE) (Avanti 
Polar Lipids, Alabaster, AL) at a it J (wiw)ratlo In 10 ml of deioniised water at a lipid 
concentration of I rag per ml. 100 microliters of n-perOuorohexane (PCE, Inc., 
Gainesville, PL) was added and mixed by shaking for 5 minutes on a Heavy Duty #6 
Wig-L-Bug (Crescent Dental, Lyons, 1L1. The -mixture was then extruded five times 
25 through two O.Spro filters in a Lipex Biomensbranes Extruder Device (Vancouver, B€, 
Canada). Particles without a fiupnnated organic halide were sonicated for 10 minutes 
at room temperantre in a hath sonicat.or. lite mixture was then diluted in MEPES 
buffered saline at a ratio of 30»i of lipid mix to 10sii of TIBS per well. 
pCMVCAT (Life Technologies, inc., Gahhershmg } MD) containing the gene for 
3 0 chloramphenicol acetyl transferase aod the promoter from human cytomegalovirus 
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(CMV) was used to tmnsfect HeLa cells, fC$0C&T. may be produced m accordance 
with the sifelaJs set forth in Foeeking and Hotstetter, Gene t9M 45:101-105, 
incorporated herein hy reference in its entirety. 

The p€AT* (PiK»»eg&. Mat^oiiserpSife, PA) basse vector lacks 
5 enkaryotie promoter and enhancer, sapersces, His allows numnram flexibility in 
cicmiag any putative regulatory $equeBces into the convenient multiple cloning sites. 
Expression of CAT activity is cells transacted with this vector is dependent on 
insertion of a functional promoter opstreans from the CAT gene. Enhancer elements 
•can be inserted at the 8<m& I site downstream from the CAT gene. The vector map 

id sesraence reference points are multiple cloning sites (Hind Uh-Xba I) 2242-2271, SY40 
small T antigen region 3064-3917, CAT gep; start site 23:1:5, CAT gene stop site 2974,. 
and ^lactamase (Amp*) coding region 2094069. 

Piasmid DNA was dieted to 5m pet .100^1 in BBS. The DMA and lipid 
mixes were combined and incubated for 45 mtniit.es at room temperafttfe, BeEa cells 

IS (ATCC m tified cell line 2 (CCL 2)) were plated- m a concentration of 4 x 10* per well 
in Eagle's MEM mtti non-essential amino acids and Earls' & BSS, 90%; lefal bovine 
serum, 10%. 20%! of the lipid/DNA complex were added to each well and incubated 
48^2 hours in the presence of serum. The process was repeated using 8» 
perfloorohexane in volumes of SO, 25, and 12,5 microliters. CAT expression was 

2 0 assayed oxing a CAT BUSA fern Boeteinger Mannheim Biochemical (Indianapolis, 
IN).. The results are shown in Table 7. 



Table 7, Effect of Various Amoum of Organic Balkfc on Chiorumphenieai 
Transacetyluse Expression m V axiom Cell Lines 
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* DPEPC/DOPE is dlpalmitayiethylphas^hatidylchoHs^: 
o dlolie>1pfeo$phatidylethasH>toiae; CAT expression uniis are ng/ml (protein}.. 



Exax»f>te 11: Hraasfect!o» Efficiency af DFEPC With Organic HaK«te$ 

An example of traffifocsion of DPEPC with perfkorohexane md 
1 -broiJKHiomflttorobamne (BNFB, Ftoroseat Houston, TX) was carried out. Fsrdetes 
5 were prepared as set forth in Example W except that the BfsfFB sample was cooled 
before and after shaking on the Wlg~L-Bug to keep the BNFB m the liquid state. The 
results are shown in T able 7, 
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Example 12: improved Tr».#ecftoi* is* Cell Lines Normally Resistant *». 
Tfan*f«ctfon With fterPtioroliexaiie 

COS-i ceils (ATCC cell repository line ISSIOCCRL 1630)} were 

propagated in Dufheeco's modified Eagle'rmedium, 90% and fetal bo-vine serum, 10% 

$ and plated at a conservation of 1 x 10 s per welt NMi/3T3 cells (ATCC cell 
repository iiile MSB (C& 165§}}were propagated is Dulbeceo's modified Eagle's 
medium with 4.5 g/Hter -glucose, 90S and calf serura> IQ% and plated at. a 
concentration of 1 x 10 s per well €1 27 :LT eel 1st; ATCC cell repository line 1804 
(CRL 1304}) were propagated in Mbecco's modified Eagle's medium with 4.5 g/liter 

0 glucose, 90% and fetal bovine serum, 10% and plated at a concentration of i x 10 s per 
well 'DPEPC: DOPE was prepared with perflaorohexane at a volume of 12.5 
microliters and without perfiuorohexane as Example 10. The hpid/DNA mixtures were 
incubated with the ceils for 12 hours as described in Example 10. Llpofeeisn and 
IJpofectamine (life Technologies,. Gaitheehurg, MD) t commercially available 

S controls, were used according to the manufacturer's instructions. The results are 
shown in Table 1. 

Bxsntple 13; Transaction Using Cafienfc Microspheres Pilled with 
tefluorobistane Gas 

A lipid solution with 1 nig per ml of lipid composed of 1:1 (w:w) 

.0 DPEPC with dipalmitoyiphosphatsdylethauofemiae (PPPE) was prepared and placed m 

a 2 ml via! with a head space of perfiuprobutane gas. The samples were shaken for 1 

minute of an ESPE CapMbt at 4500 RPM resulting- in gas filled lipid coated 

microspheres. To each sample pCMVCAT was added at a DMA concentration of Ipg 

per 6 Mg lipid. The process was repeated using 1:1 w:w DPEPC with DOPE, The 

5 gas filled microspheres prepared from BPEPC./DPPE (gel state saturated lipids) formed 

stable gas filled nucrospheres Bindmg the Bf4A. When traosfeetion experiments were 

repeated substantially as outlined in Example IE however, there was no evidence of 

any appreciable gene expression. When gas filled microspheres were prepared from 

the DPEPC/DOPE lipids (DOPE is liquid crystalline state at physiologically relevant 

0 temperature) the particle count was tower than for: the DPEPG/EJPPE vesicles. When 

DMA was added to the ftpids>,the /vesicles TelT^swt,. indicating bow cauonic lipid 

microspheres composed of liquid crystalline state lipid are unstable to bind DMA when 
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ihe interior of the microsphere is filled with a gas PFC (perfltiorobutane) as opposed to 
a liquid PFC (see above). 

Example 14: Trs&sfeetieii With 0rgaBsc Ealldes 

The experirnsnt conducted .'in Example 12- was repeated except thai 
fluoridated organic balides were used in eight samples and eight samples were 
subjected to ultrasound. Sixty minutes following the incubation of the DRA/lipid 
complex with the cells, dltrasotmd was applied by immersing the head of a IMz 
transducer directly to the sop of the cell culture well and ultrasound was applied for 5 
to 30 seconds at a 10%. duty cycle. .Control groups were ceils not exposed to 
ultrasound with and without transtectton materials, Table 8 indicates that organic 
haildes increase the efficiency of ultrasound such that lower levels of energy are more 
effective, l-bromononafluorobutariS pNPB) together with ulirasonnd resulif in about 
a 50% eftbaneeinent of expression; whereas about a 30% enhancement of expression 4s 
evident with perfiuorohexane (PFGb) and ultrasound. 



Table S. 
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In all cases ahove the cell -Urn fo. NIH/3T3, Halts of DNA expression 
are tig/ml protein. Ultrasound was &fpU^M^.S WmiK W% duty cycle. OFf- 
organie halide, US (sec .) - uM&mtiM in seconds, BMFB - (l-broraoMnotluorobatane), 
PFC6 - Operflaorohexaoe), SB' - stamlard devlation- 
5 As can be sees above lie hpM mixture of DFEFC/DOPE carrying the 

gene results is above background expression compared to Lipofeetm or Ltpofectamine. 
This expression ts enhanced with the additioa of either a tluorocarbon or by 
iiltrasoanil, The best results were obtained with fluorocarfcons and ultrasound m 
combination, 

10 Example IS: Tmi«sfecCb». With Pertlaet^thers 

The experiment described la Example 10 was repeated with the following 
perftttcawthen: perflaorotnethy Iburyl ether {PFMBE), perfluoro-4-metiry i- 
letr^ydroiuran (PMTH) and perfkorotetrabydropyraa (PFTH) Transection data is 
shown in Table 9 below. Table 9 shows that perflubroethers perform similar to 

I S perllyprocarbons of the previous examples. Increased leveis of perfleoroetbers do not 
appear to have & detrimental effect on transfeetion and expression. Each of the 
perfcroetfeers enhance transfeetion greater than 100% over the control lipid (BOJDO ; ):> 



Table 9 










Upj.d§ 


Perfluoroether 


FFE (vol) 




Std. Dev. 


.3 o (none) 


none 




-54 .773 


4.957 


DODO 


none 




1490.801 


183.278 


DODO 


PFMBE 


0.125 mis 


3578.363 


55.702 


DODO 


PFMBE 


0.250 mte 


3167.014 


246.912 


DODO 


PFMBE 


0. 500 rnls 


3509.693 


5.09.497 


25 DODO 
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0 250 mis 
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DODO 
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0.500 mis 
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3 o In all cases above the cell fine is HeFi, sad the lipid coating for the 

perOaoroether di0teyFglycero~3 phosphoeholme. CAT expression anas are ng/ ml. 
protein, Std. dev. standard deviation , FFE {vol} > perflaoroetber m, volseme. 
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Example Us Xransl«c&a ifficfesiey WMh FMIuorobexane 

The experiment ef B^nple 10 was repeated* in HeLa cells using 
DMfOE-C, DODO, DPDO, or- otiaet ^^ercial cationie lipids with and without' 
perfluorohexsrie. The results are shown m Table 10 below. Tabte 30 shows thai 
5 peffiaorocatbons ate effective wt8^va*ie^-<^iij$&> Indeed, the enhancement of 
expression k independent of ifee type of lipid used. DODO 4 PFC6 molts m about g 
so about 30 fold increase iti expression, DMRIE-C 'results in about a 40% enhancement 
of expression, and DPDO results in about a 4 fold increase. 



labjejC 

10 CAI 

Lipids PFC PFC (vol ) exiMissM Sid. Dev. 

(nose) none -5.608 5.015 

'DMRIE-C none — 3635.096 79.088 

DMRIE-C FF€6 0,325 mis 21 IS. 489 72.325 

IB DODO none — 61 L 504 228.548 

DODO FF06 Q>2$Qmh 6331.664 443.727 

DODO PEGS 0.500 mis 4829,348 379,244 

DPDO none — 426.652 238,019 

DPDO PFC6 0,125 mis 1675.285 !. 146. 279 

20 Opnfectamise none -8.891 3.895 

Llpofectsn none 100.542 56.863 



DODO - dioieyl- glycerol phosphoethylcholine. CAT expression units 
are ng/ml protein. DPDO - dipafmitsy!~g£ycero-3 phosphochoime, Sid, Dev. - 
25. standard deviation, PFC (vol) - perfluoroearbdn in volume. 

Example 17s 'Effect of tStraswmisI Atone m BMRIE and f>01X> Vesicle 
Transfectkw 

The experiments described above m the previous examples were repeated 
using -the DMME, DODO, and no lipids, m each esse without an organic halide, using 
30 the same procedures set forth above in Example 16. 
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In all cases above the cell line is Beta , Units of DNA expression are 
ng/ml protein. UfttaMxan! wa$ applied si 0.5 W/ei#> W% Suty c^efe. OB - organic 
haiide, PFC - perflaorocarfeon, US {sec;} - ultrasound in seconds, SD - standard 
deviation. 

Example 18: Effect of Ptdy-L-Lyske (In place of lipids) or Transition With' 
Pernuorohexaoe 

The- experiments described above in the previous examples were repeated 
using the DODO witn or without a «norinated organic haiide, Pply4>Lys wuh or 
Without a iluoaoated organic .haSUSe, and no lipids and no organic ludide, using tl»e- 
same procedures set forth above in Example 16, 



lie 12 
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0.125 



CAT 
ejcpressicm 
1378 
2190.158 
3322 927 
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1.012 
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2.072 
5.128 
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DODO - ^eyJ-glyee«>4: 0^>toh^P«>iine. CAT expression units 
are ngiml ptot&m- OM' ~ organic Imiide, OH (vol) - organic Mide in voMme m mis, 
Std. Dev. ~ standard deviation. 

'Example 19: Comparison of ©iifferea* Organic Haiides as Traesfettiott Enhancers 

The experiment was camied out as is Example 10 -using HeLa cells, 
dio!eyi- glyeero-3i?hoapfe^ihan6iaiBine (DOPE) as ihg lipid carrier and cither 
perfluoropeatane (PFC S ). I ■-bmmoperflyorooctan.e (perfinoKvoctylbroraicic, BrPFCg), 
perOuorodecane (PFCjo) or perfiuorohexane .(PFQ. The Table B illustrates the 
transaction results . 
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The above results indicate that liquid (f&rfSuotohexane or 
p*rtlur>rodeCMe) perfluo^artom wos* as well as peffioorocsrboos which would 
undergo at feast a partial ii$M to gas p&ase transition at physiological .temperatures 
(perfiuorcspentans). Qniy the brotninated compound. BfPFC ?1 was markedly less 
5 effective is enhancing transduction. 

The data also indicate thai a preferred quantity of perfluoroearbors for 
liansfectlon lesserahy is tit the range of 0,125 mis to 0.250 mis or from about I % to 
3% v/v. 

Example 30: Tran&fecf ion m the Pmeuee of FluorktMed Surfactants 
10 The experiment described in Example !Q is repeated except the lipids are 

suspended in varying amounts (.1.25% to 5%) .of Zonyl* surfactant , (Du Pont Chemical 
Co, , Wilmington, t)E) . In some samples perSuotohexane (0. 125 mis* 0,250 mis or 
0.500 mis) is shaken with the surfactant. The sizes range from about 300 nm to about 
900 nnr Transaction efficiency where samples are prepared from Zonyl* is about 
15 10% so about 23% of the traasfeetion where samples are prepared without Zonyl® ■ 

Example -Mi Iransfeeiion with Catkmie lipid Currier and Lipid Suspenses With 
Organic Halsdes and Who and Without Ultrasound 

The experiment described m Example 14 is modified' such that the 

control lipid mixture is DPFC/DPPA/PEG-5QQQ * perfluoropropane and results are 

30 compared to transfection using a suspension of the eationic lipid DOTMA *h 

perfluoropropane. After incubation ultrasound is applied ax in Example 14 to some of 

the samples. Results similar to those obtained in Example 14 are observed.. 

Example 22; Ttansfectkm wish Catkutk lipid Carrier and Lipid Suspension With 
Ultrasound and i«Brnmon0na0anrnhti$ane 

2 5 Canonic liposomes are prepared from dioieyelyetlvy Jphosphocholine and 

DOPE at a concemration of I mgOru lipid. To this is added 0.125 pi i-hromo- 
nonafluorobuutne (BNFB). The mixmre is agitated with a Wig- E-Bog for 60 seconds 
and the resuMmg vesicles are extruded with a 0.8 micron filter The resulting BFNB 
filled eationic liposomes are then eompiexed with ribozypal BNA (hammerhead motif. t 

3 0 encoding catalytic JRNA specific lor vascular endothelial growth factor (YEGF) at a 



lipid to RNA ratio of l?6nsing mmmiioml methods. The liposomal RNA 
preparation CLO ml) is W fem & patim witfe diabetic miisopMby. A 5 

megahertz citrasound transducer is placed on the pattern's anetfheifeed cornea using a 
silicone acoustic coupling get- Ulwl«p*fa^ onto the patient's reto 
using 2,0 Watts and a 10% duty cycle. As the liposomes enter the region of 
ultrasound the gaseous precursor expands ami pulsates. Local shock waves are 
created. The ribozyme RNA is delivered to the endothelial cells in the region of 
ultrasound application the therapeutic BNA construct enters the target endothelial cells. 
Catalytic RNA then causes reduction in VEGF production. The patient's retina! 
deterioration is halted and blindness is avoided. 

Example 23; In Vivo Transfectioii Using Peril uoroearhons 

Liposomes were prepared from dipalmitoylethylphosphoehoiine (DPEFC) 
and dioieoYlphosphatidylethanolarnme (DOPE). Both lipids were purchased from 
Av*mi Polar Lipids (Alabaster, AL). Lipofectfc* and Lipofectamine* and DMRIE-C* 
: - m& obtained in a read* use form from life fetologies Inc. fGatthetabnrg, MB) , 
Piasmid pCMVCAT which contains the human cytomegalovirus promoter and the 
chloramphenicol acetyl transferase, gene m provided by Life Technologies 
(Gaithersburg, M.D). PlastnM DNA was prepared by large soak extraction from E. 
coli and purified by CsC! banding by Lotend « Limited (Gaithersbtng, MO), In 
0 a preliminary set of experiments the ratios of the two lipids as wed as she ratio of lipid 
to DNA was optimized by measuring the levels of gene expression in HeLa cells 
following mmmm with the pCMVCAT piasmid using DPEPC/DOPE in a ratio of 
hi, with a lipid to DNA ratio of 6:1 (the lipid and DMA combination collectively 
being referred to as DPBG). The liposomes were prepared by suspending the dried 
5 lipids in water and iyoph»g the mixed lipids and ^suspending the lipids in water. 
The rehydrated lipids were agitated at about 2,000 r.p.nc on a dental amalgamator 
(Heavy duty #6 \V$g~L-Bng Crescent Dental, Lyons, It) for 5 minutes and then 
extruded through two 0,8 mfcron polycarbonate filters (Nucieopore Costar, Cambridge, 
MA) using m Extruder Device (Lipex BlomemfeOTS, Vancouver, B.C., Canada) at 
,0 about 30 psi. Por preparation of perflaor^carbon (WO filled liposomes, 100 

microliters. 50. 25 or 12.5 microliters of PFC was added to the lipid solution prior to 
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mum oh the dental amalgamator. FFC's which were tested included 
perfluoropentatse., perflworohexaHe, l-hmmo«^Uwfe«iafte, perfluotooeiylbrornide 
and perfiuorcmethylbutylether 

j R vivo experiments were carried eptia 50 male Saih/C mice. The body 
S weight of the mice was !5--2Qg. The Kpoplex was formed to the $me maimer as for 
cell tomftctfcni using the BPEP€/X>OPE lipid nuxture. The petflnorocarbon used in 
this experiment was perftuorohexane. The mixture was injected toiramuscuiarly at a 
does of 20%1 per hind leg- The ults^aud (US) was applied at i W.c& for one 
ttfatm to each leg m the animals that received ultrasound. The animals were held for 
10 2 days and then euthanized by carbon dioxide asphyxiation. The hied legs were 

removed from the smrxMs and the muscle collected, The muscle was frozen in liquid 
nitrogen and ground in a mortar and pestle. The tissue was transferred to a pre- 
weighed 50 ml conical tube and the tissue weight was recorded. The tissue was then 
placed into one ml of the lysis buffer fern the CAT EUSA kit. The CAT ELISA was 
is then, carried out according to the manufacturer's protocol. The data was transferred 
into Microsoft Excel and convened Into «g CAT protein per gram of tissue. Statistical 
analysis was carried out using the. JMP 3. 1.5 statistical analysis package for the 
Macintosh. 

The results are shown to. Figure 7. As the figure shows, the use of a 
20 perfiuorocarhon (with or without ultrasound) greatly enhanced CAT expression so 
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The disclosures of e*ch patent, patent application and publication cited or 
described in this document are hereby incorporated; herein by reference, to their 
entirety. 

Various modifications of the invention., to addition to those described 
herein, will be apparent to those skillet! to the art from the foregoing description. 
Such modifications are also intended to Mi within the scope of the appended claims. 
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What is claimed Is: 

I . A method for deH*enag a compound info a edi comprising 
admmistermg to the cell a composition which comprises me compound to be mm*, 
mid ad organic hahde. 

2, A metbod of claim % wherein said condition further comprises a 

carrier. 

3, A method of claim 2 wherein said organic haiste is selected from 
the group consisting oi a gaseous .organic .haiidc and a liquid organic halide. 

4, A method of efc»ro 2 wherein Mid organic hahde is a gas, 

5 A method of #b 2 w^rei n said organic haSide is a liquid; 
$ A method of claim 2 wherein said organic halide is a gaseous 

precursor. 

7, A method of claim 2 wherein said .-organic haiide is a fluoridated 

compound . 

8. A method of claim 2 wherein said organic haiide is a perffuorinated 

componnd, 

9: A method of claim 2 wherein said organic haiide is a 
perflnorocarnon. 

j 10. a metnod of c Mm 2 wherem said organic haiidc is a perflworoether 

compound. 
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11. a -method -©f claim 9 whereto .said perfluorocarbon is a \t$M. 

12. A method of ciafe 11 flmm tiq»ld peffluorocarbon'is a 
gaseous precursor , 

13. A method ofdiasm § wfeerem ^dperftooeocarbon is a gas. 

14. A methoa ©f clami 2 wtoein said otgmic halide is selected ftom 
the group coasistiftg of l-bromonotiafluorobutaae, perfiaorooctyliodide, 
perSuoroocyt!br<«ni<k ( 1 chtaro- 1 -tluoro-.l -bromomeitoe , 

1 ,1 , i-trichiofo-2 s 2,2-m«uoroethaite, J ,2-dichJ»TO-2,2<4iflaoroethane« 

5 -bromoperOuoR*ttt»«e . I <bromo-2,4-din«or©benzene, 24odo~ IX, MriftuoToethane, 
S-broraovaleryl chloride, iJ^^re^W^^- bmmiae pebtalliionde, 
1 -bromo - 1 , 1 ,2,3,3,3- hexa&K>ropropar&% 2-diloro J v lJ ,4.4 ^bexafluoro^-bmene, 

i , ! > 2-trinuor©~2~cMori>ediane, 1 ,2 -diftoorochtoroetisanc, I > 1 .«difluon>-2»chtoroethafle. 
1 , 1 -dieMorota^fe^ hm t*S W-24odopT©psm, bromof riiluotoethans, 
chlorotrifluommetham, dfcWorodifhioroinethane, dibromoft«©rom«.thaae, 
chloropsTitafluoroed^fie, bromocbiorodilluorometes, 4icbtoo~i, 1 ,2,2- 
tetrafluoroetae, UXM*e#tff^^ 

perfluorompfopylaiBine, S^wAenxaldebyde, 2-itao ->nrm«oluene, 

3-fhiorastyi*ae, 3,Mfc©apMRe, 2,2>trlfl«o^hy}acfylate. 

3-(trifliioromemoxy)-:«tophe«one., 1 , 1 ,2,2,3,3.4,4-octatluorobutai^, 

! j;i3,3^maf!^x)bma«e, i-ftoobmane, 1,1 ^^^J^^^Ktafluorobw, 

L i J 3 J^ped^UprdbP», prfluorp-4 meihyiqui«0ltzsdt«e, perfiuoro-N-meibyl-- 

d&c^ymoqmmm, pcrfiu©r<^N-i»eUiyI-d^aliydro5 S o<|UiRorie. pernuoro-N-cyriohaxyl- 

pymdidine, tarad^aperSBorob^tam. dadecapcrflm^yclobe^, P^wm#w, 

perSuofoethsne, petfi^t^r«l^*. F^^^^ 88 v P^o^P 6 ^^' 
perita«he» perflwhcpW perfltiorooctam. p^luoronarane. perflaorodecsw, 
perfiuorododecane, periluoro-^-metbyb^-pemme, pwrnuorocyctobexa^, 
perfluorodecalia, p^ooi»d^Sfi, ferfte^wl^. perfteoeydobutaae. 
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ether, bis(pertoeroi$op^l) etb&r, ^(perOOTpropyl) ether, 
perfluotoretrahydropymi, perfluorom^y! teorthpirofaraR, perfluor© t-butyl methyl 
ether, perfluoro isobutyl ntemyi ether, pertluoro iv-Mstyi methyl ether, perfiuoro 
isopropyl ethyl ether, perfMoro ni^py! ethyl ether, perform cydobutyt methyl ether, 
pertly cydopropyi ethyl ether, perfluoro isopropyi methyl ether, perfluero n-propyi 
methyl ether, perfiouro diethyl ether, prftoro eyeiopropyl methyl ether, perlluoro 
methyl ethyl ether, perfiaoro ^methyl ether, sulfur hexafi«or^ arid seienmm 
hexafluoride, 

13 . A method m claim 2 whOT said organic hatkte is selected (mm 
tfee group consisting of perfluorometh&ne, perfiuoroetoe, pcrfluoropropaw, 
perfiuoTObmane, perfluoropemane, perft«ofOhm«e, perlluoroheptane, perriuorooeiaRe, 
oerttuoroaonaae, perftuorodecai^ pedluorodode^, pefftor«>2-mefhyh2-pentene, 
perfiuorocyciohexane, perfluorodecaMn, ^fiuorododecaUm tetradecaperfiuorahexane, 
*v and dpdecaperflyoKicyclohexmte, 

16. A method of claim 2 wherein said organic hahde is selected from 
the group counting of perfluorohutyiethyl ether, h^perOuoroisopropyn ether, 
blsCperfluoropropyl) ether, pem«OR*e«aft>or^p».iau> ^.uuuvm^v 

perfi«oro t-buryi methyl ether, perfiuoro isobutyl methyl ether, perfiuor© n-bmyl 
o methyl ether, perfiuor© isopropyi ethyl ether, perfluero n-propyl: ethyl ether, perfcoro 
cyclobutyl methyl ether, perfluoro cyeiopropyi ethyl ether, perlhsoro rsopropyl methyl 
ether, perfiuoro n -propyl methyl ether, perrlouro diethyl ether, perfiuoro cyctopropy! 
methyl ether, perfiuoro methyl ethyl ether, and perfiuoro dimethyl ether. 

17. A method of claim 2 wherein said organic hshde is selected from 
5 the group consisting of pertluorobexarte and perfluorocyelohexaae. 

18. A method of claim 2 farther comprising applying u'itrasoand to said 

cell. 
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19, A mtabodt of claim IS wberein said uttmsonud k applied at a 
frequency from about 40 kiioheru; to about 25 megahertz, and an energy level of from 
about 500 niiliiwatts/cftr to about 10 watts/crrf. 

20, A metbod of sfeum 18: wbexem saM ultrasound is applied at a 

5 frequency of from about 500 kiioberM to about WQ kitobertz ami said energy level is 
from about 500 mlllswatti/enf to atei 20X) mUlhvatt§/cnr J , 

21, A method of claim IS wherein said idtrasouud is applied at a 
frequency of from about 20 megahertz to about I megahertz and said energy level is 
from about 200 rcmllwatts/cm* to about 100 tmfti watts/cm*. 

, 0 22. A method of claim 21 -wherein, said ultrasound is applied at a duty 

cycle of from about 1% to about 100% of the treatment time. 

23 . A method of eiaim I 8 wherein said compound and said ultrasound 
are administered and applied smmltaoeoosly.. 

24. A method of claim 2 wherein said carrier is selected from she group 
IS consisting of polymers, lipids, proteins, and metal ions. 

25. A method of claim 24 wherein said carrier is' a protein. 

26. A method of claim 25 wherein salo. protein Is a cationic protein. 

27. A method of claim 26 wherein said eatiouic protein is selected trom 
me group consisting of poiylyMne and polyetbyiendmine. 

2 q 28. A method of claim 24 wherein said carder is a lipid. 



29. A method of claim 2£ whetsm said lipid Is a cationic lipid. 
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30. A method of clmm 29 wherein the carrier is a canonic lipid and 
said estionic lipid is !^|i<23-di0^ chloride. 

31. A method of cMm 28 whereisi said lipid is a fiuorinated Hpki 

32. A method of claim 31 wherein said fiucsrinatesd lipid is selected 
B from compounds of the formula 

C S F ;!:1 , .(CH^C^OOPCOO-KXCHj)* W {CH^ A^f i<CH^ m CCO)0 

whereto m is 0 to aboai 18, » is 1 to abomt 12: and w is i to about 8. 

33. A method of claim 28 wherein said lipid is a ituormated 



phospnou 



10 



34, A method of claim 24 wherein said carrier is a polymer. 



35 . A method of claim. 34. wherein said polymer is selected from, the 
group consisting of polyethyknes,: iK^yoxyethykoes, polyptopyieses, pkronic acids 
and alcohols, polyvinyls, polyvinylpyrrolidone, arabinaus, fractaav fucafts, gaiactans. 
gaiacraronam, glucam, manuans, xylans, leyan, fucoid&n. carrageenan, 

15 galaetocarolose, pectin, pecfie acid, amylose. pullulan, glycogen, amytopectia, 

cellulose, carboxyimethyicellotose, Irydroxypropyl methylceHalose, dextrao, pustniad, 
eMm ? agarose, keratan, choodroitfe, dermatan, hyaluronic acid, aigimc acid, 
homopolymers and heteropolymers containing am or more of an aldose, ketose. acid, 
amine, erythrose, threose, rihose, msMmne, xylose, lyxose, allose, aitrose, glucose, 

20 mannose, gulose, idose, galactose, taiose, eryihruiose, ribulose, xylulose, psicose, 
fructose, sorbose, tagatose, glucuronic acid, glncome acid, giucarie acid, galaemronie 
acid, mannatonic aeM* gm^uonk acid, g lueosamme, galactosamine and neuraminic 



36, A method of claim 24 wherein said carrier is a ntetal i<m> 
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37, A method oi zMm M wherein said canm is & metal ion and said 
metal ism is selected from i^grmig -©i^s$8g : .of eaichaa loss, magnesium sobs, and 
aaac ions. 

38, A method of clams 2 w^eieiH sap oarier is selected from ffee group 
coasting of Lipofectm, Lipofetamine, Trsssfeaace, Trahsfectam.. Cytff&etim 
DMRIE, DIME, GAP-DIME, DOTAP, DOPE, DMEAP, DODMP, BGPC, DBAB, 
DOSPA, EDLPC, EDM PC, I>EH. TMADPH, CTAB, iysyl-PE, DCChd, -alany! 
cholesterol. DCGS, DPPES. BCPB, DMAP, 0MPE, DOGS, DGHME. DPBPC, 
Plutonic, Twees, BRI.J, piasmalogecu phosphatldyjethamotemine, phospbati^ylcholiife, 
giycero-S-ethylp^ospiMtidyichoiiiie., dimethyl ammonmm propane, frimelhyl ammonium 
propane, dieuvyiamRiommn propane, triemylammonium propane, 
dimeth\4(liociadecylammomvjtm bromide, »' sphingoiipkf sphingomyelin, a lysoiipid, ». 
giyeofjpid, a sulfaoxk, a glycosphmgoiipid, cholesterol , cholesterol ester, cholesterol 
salt, oil, NvsyccirfyMiokoylpbosplratJdyiemanoiamirje, l,2,~di0ieoyl-sn~glyeen>l, 
l,3-dipalmlt0ylv2^imed^lgiyceroi i y 2«dip^mitoyl-sn»3~saecm^igly^0l, 

1 -teadeey !~2 -palm itoy Iglycer opltosphatsdylethanolaminte, palrrdtoy tbomoGysrtenc , 
N s^'-lis (dodecyammocarbor>ylmeihylerM;}-^;N'~bjs 

istraiodide; N.N^-BIs (hexadecylamioocarbo«yknedwler?e)-N t N' ,N* ' tris 

({- N , N , N - tr i med>y !a«amorsium -etlry laminoearbony Imethylened lethylensmamiae 

hexaiodide; N,K s -8is ^ 
trimsmyiammamumemylamin^^ 

teusiodide; t, 1 ,7,7 -tetraKC-^^ 
earbonylmethyiens)^ 

heptaiodide; and M M ,$* W M,® - trimetlwlan;^«oriion> - 
ethylammoearfco^ 

phospk^tteMammo^rlJ0aylmed)ylene): dkmylenetr iarnke terraiodtde , 



39. A method of Aim 2 «her«m said: carrier is selected from the group 
consisting, of diokoylpnosphatidylcmanoiamise, a fatty acid, a iysotipM, 
pbospbatidykhohrse, phosphatidylethanolamtw, phosphatidylserine, 
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phospbatMylgl^toL pfec#«^fesiteU a spfeisgolip, a giyeoiipid, a gmeolipid, a 
sulfetide, a glyeo^h^olpki, phosprMklte ari&, palmitic acid, stearic add, 
meMdonicacid, oleic acid, ssipWg a P#®^> a lipid beating a sulfonated 
saccharide, cholesterol tocopfeexoi a IspM with an ether-finked fatty 

acid, & lipid with an esteHsnked fatty acid, a polymerized lipid, fetyi phosphate, 
Myiam.be, c&rdfolipm. a phospholipid with a fatty acid of 6-8 carbons m length, a 
phospholipid with asymmetric acyl chains, ^(5-eholesten-3b yloxy)- ^ 
thio-b-D-gafactopyrarK^de, digalacfeyfdigiyceride. 645-choie S ten-3b-yloxy}hexyb 
6.amiiK ) -6-deoxy4»thk^0^ac{opyTOkie, (>~{5*h0ks*en-W-y\®Ky)tezy^ 
6,am«~deoxyH 

3»yl)eat^^ ^ M l2.{((?^dbthyIammoeodmari«- 

3-yl}catboiwl}incdiy!-andnc) octadecanoylj-2-aminopsimit5C acid; chole S teiyl}4^ 
trimethyl-ammonto)butanoate; N-succinyidioleoyl-phosphaddyiethano!amke; 
Ll-dloieoyf-sn-giycerol; $,2»dipalmjtoyI-s»-3-s«cct»J?t-g!ycerol; 

phosphoethanolamtee, pafmitoyiteocysteme, and/or comtotiom thereof, 

40. A method of claim 39 wherein said carrier comprises 
phosphatidylcholine and said phoapteidyfckiline is selected from the group consisting 
of dioieoyiphosphatidylcholioe, dimyriatoylphosphatidyieholirje. 

0 dipentad^lioylphpsphatidyicholine, difaoroyiphosphaddylchoi^oe, 
dloieoylphosphaudylcholine, dipatahoyiphosphaudvlchoime, and 
distearoyiphosphatidy iehoiiue . 

41. A method of cktrn W wheteta said carrier comprises 
phosphatidylethawiamioe md said phosphatklyiethanolamine is 

5 dioleoylphospfe 



42, A method of claim 39 wherein said carrier comprises sphmgollpid 
a»d said sphiogolipid is spMngoroyelim 
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43. A method of claim 39 wherein said carrier comprises a glycollpid 
and said glycohpid Is selected fmm ganglioside JSMI aMgang!ta$kte ©M2, 



44 . A me&od of claim 39 wherein said carrier comprises a lipid 
hearing polymer and said polymer of said %sd beariag « polymer is selected from the 
group consisting of polyethylene glycol, eMim, hyaluronic acid, and 
polyvinylpyrrolidone. 

45 . A method of claim 44 wherein said polymer is poiyethykthylene 
glycol and said polyethylene glycel fe selected from the group consisting of 
polyethylene glycol having a molecular weight of about 2000, 5000, and 8000. 

46. A method of claim 39 wherein said earner comprises & lipid 
bearing a sulfonated saccharide. 

47. A method of claim 39 wherein said carrier comprises cholesterol 
and said choiesierol is selected from the group consisting of cholesterol sulfate axsd 
cholesterol hemisuccinate . 

48. A method of clasm 39 whercm said earner comprises a 
phospholipid with asymmetric aey I chains and said phospholipid with asymmetric acyl 
chains is a phospholipid having one acyl chain of about 6 carbons m length and another 
acyl chain of about 12 carbons in length. 

49. A method of claim 2 wberein said carrier comprises about 82 mole 
percent dipaiinitoylphosphatidyichoiine, .about 8 mole percent 

dipatmdo$^^ 5000 and about 10 mole 

percent dipslmitoylphosphasldic acid. 

50. A method M claim 2 wherein said carrier is a surfactant.. 



51. A method of claim 50 where said sutiactarh is a Ouorosnrfaetam 



S3. A netted of claim 2 whmw said organic nape is a gaseous 
precursor and wherein said gaseous precursor h converted to. a gas after 
administration. 

53 . A method of claim S3 wherein said gaseous ..precursor is converted 
5 to -a gas by applying beat to said eel!. 

54 . A method of claim II whejefn said beat is applied by ultrasound, 

55. A method of claim 54 wherein said ultrasound is applied at a 
frequency from about from 40 Motem to about 25 megahertz, and said energy level 
is from about 500 milliwatts/crm to about 10 watts/cur 5 . 

10 55, a method of claim 54 wherein said ultrasound is applied at a 

frequency of from about 500 kSohertz to about 200 kilohera and said energy level is 
from about SD0 milliwatts/end to about 200 mtlliwatts/cnf, 

57. A method of claim 54 wherein said ultrasound, is applied at a 
frequency of from about 20 megahertz to about i megaheru and said energy level is 
is from about 200 mi!iiwatts/cm J to about 100 milliwatts/cm * 

SB. A method of claim 54 wherein said ultrasound is applied at a duty 
cycle of from about 1% to about. 100%: treatment time 

59. A method of claim 54 whereiu said ultrasound is applied at a duty 
cycle of from abont 10% to about 20%. 

2 0 60. A method or claim 2 wherein said method is carried out in vim. 

6! . A nwmoduf claim 2 wherein said method is carried out ex vim. 



62 . A method of claim 2 wherein said method is carried out in vim. 
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63.. A method of claim 2 wr^rein said carrier comprises a .vesicle. 

64. A method of claim 63 wherein said compound to be delivered is 
encapsulated in said vesicle. 

65. A. method of claim 2 whenem said eel! is a mammalian cell . 

66. A method of cMm 6S wherein said maminait&n cell is a human 

cell. 

67. A method of claim 2 wherein .said compound to be delivered is a 
nucleotide sequence . 

61. A method of -claim 67 wherein said nucleotide -sequence Is a $|§A. 

sequence. 

69, A method of claim 68 wherein said DNA sequence m selected from 
the group consisting of a DNA sequence coding for mterieukin 2, Ihterleukin 4, Bcf 2, 
vascular endothelial growth factor, human papilloma virus, and human 
immunodeficiency vims, human leukocyte antigen, tumor necrosis factor, granulocyte- 
macrophage colony stimulating factor, cystic fibrosis transmembrane receptor, 
adenosine deaminase, luteinizing hormone releasing hormone, luteinizing hormone 
releasing hormone antagonist, human growth hormone, insulin, high density 
lipoprotein, thymidine kinase, HLA-B?, Factor VHL m$m$fp5h 

70. A method of claim 6S wherein said DNA sequence is administered 
for the purpose of meating a disease selected from the group consisting of acquired 
Immune deficiency syndrome, hemo|milIa. muscular dystrophy, cystic fibrosis, 
diabetes, atherosclerosis, liver cancer, lung ; e&f&er, prostate cancer, ovarian cancer, 
brain cancer, kidney cancer melanoma, neuroblastoma, and breast cancer. 
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It A method of elate 68'-whei¥|a.saKi DNA sequence is administered 
by an inhaler for the purpose of treating cystic fibrosis. 

72. A method of claim 68 wherein said ON A sequence is administered 
upon « balloon catheter for the purpose of treating atherosclerosis, 

7:3 , A method of claim W' where in said DNA sequence codes for 
vascular endothelial growth factor and said UNA sequence is administered in 
combination with a carrier wherein said carrier i'M hydrogel. 

74. A method of claim 68 wherein said DNA sequence codes for 
inrerIeukin-2 and said DNA sequel :is administered in combination with a eationic 
liposome. 

75, A method of -claim 6% wherein said DMA seqaenes is administered 
for the purpose of treating muscular dystrophy. 

76 > A method of claim 68 wherein said DNA sequence codes for Bet 2 
and said DMA sequence is administered for the purpose of treating colon cancer, 

77 . a method of elaim 2 wherein the compound to fee delivered is a 
bioactive agent, 

78. A method of claim 2 wherein the compound to be delivered is a 
diagnostic agent, 

79. A method of claim 2 wherein the ■compound to be delivered is a 
:entieal agent. 



80. A method of claim 3 wherein said method is carried out 
concurrently with another inrracellalar dehverv technique selected from the group 
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consisting of cafctom phosphate peci|>ttatk>n, tmBsfeciion with a viral vector, 
microinjection and eieetroporatkm, 

81, A method of claim 18 wherein said method is carried out 
coscsrrentiy wife another iatraedlslar delivery *&QigK> selected- from the group 
consisting of calcium phosphate p^ei|ji£stipB, %mp$Mt\<m witfea viral vector , 
microinjection asxi eleetroporation, 

82. A method of effecting the expression of a nucleotide- sequence in a 
cell comprising admpi^eripl to said eel! a composition comprising a nucleotide 
sequence and an organic halMe. 

S3, A method of claim 82 wherein said composition further comprises a 

carrier, 

84, A method of claim 83 mrther comprising the step of applying 

ultrasound, 

85. A method of claim S3 wherein said cell Is a mammalian cell, 
86- A method of claim S3 wherein said eel! is a human cell, 

87. A method of treating a patient comprising administering to the 
patient a composition comprising a thempeutkaily effective amount of a compound and 
an organic h&Iide. 

88. A method according to claim S? further comprising the step of 
applying ultrasound , 

89. a composition comprising a.jherapeutically. effective amount of a 
compound and an organic halide. 
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90. A composition of claim 89 mrther comprising a earner. 

91 . A com|K}s|wa comprising a disgnostlealiy effective amount of a 
compound am! m organic hahde. 

92. A eo^osi&gt. of claim 91 former comprising a carrier, 

93. A kit comprising a» organic halkb and a carrier. 

94. A kit of Claim 93 further comprising, a compound to. be delivered to 



cell 



to 8 ceil. 



95, A kit of claim 93 further comprising conventional Sri* components, 

96. A kit comprising an organic nalide and a c ompou nd to fee delivered 

91. A Kit of claim 96 further comprising a carrier. 

98. A kit of claim 96 further comprising conventional kit components 



99. A method for delivering a compound into a cell comprising 
administering to the cell the compound to he delivered, and applying ultrasound, 

100. A method of claim 99 wherein said compound is in a composition 
which further comprises a earner, 

101. A method of treating a patient comprising administer ing to a 
patient a toapeutiea'tly 'digquve .amount of a .expound, and applying ultrasound. 

102. A method of Claim 101 wherein said compound is in a composition 
which further comprises a carrier. 
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103, A tBea*e# of/effessiiig t&fc :e&p^sida:;o£ a nucleotide sequence in a 
cell comprising administering to the cell a mieteotide papegfce,. and applying 
ultrasound. 



104, A method of ciahxs W3 wherein said nucleotide . sequence is io a 
composition which further comprises a carriet. 
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